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INTRODUCTION 

Regular  environmental  reporting  for  Oil  Shale  Tract  C-b  in  the  current 
phase  called  Development  Monitoring  consists  of  the  following  reports: 

REPORT  SUBMITTAL  DATE 

Six-Month  Data  Reports  January  15 

July  15 

Annual  ReDort  April 

Development  Monitoring  was  initiated  in  April,  1978.  Development  Moni- 
toring (Data)  Report  #1  was  submitted  on  January  15,  1979  containing  data 
from  April,  1978  through  September,  1978.  Development  Monitoring  Report  #2 
was  submitted  on  July  15,  1979  containing  data  from  October,  1978  through 
April,  1979;  time  series  plots  for  this  time  period  were  submitted  on  August  15, 
1979.  Development  Monitoring  Report  #3  was  submitted  January  15,  1980  containing 
data  from  May,  1979  through  October,  1979;  time  series  plots  for  this  time  period 
were  submitted  on  February, 1980.  This  present  report,  Development  Monitoring 
Report  #4,  contains  data  from  November,  1979  through  May,  1980.  The  time  series 
plots  for  the  present  reDorting  period  will  be  presented  in  a  supplement  to 
the  Development  Monitoring  Report  #4,  expected  to  follow  this  report  in  approxi- 
mately one  month. 

In  order  to  maintain  accuracy  in  the  data  base  and  reports,  for  errors  that 
are  found  requiring  corrections  from  previously  reported  data,  the  following 
actions  have  been  taken: 

1)  Summary  tables  in  this  report  and  the  C-b  computerized  data  base 
reflect  corrected  data  to  the  best  of  our  knowledge. 

2)  Cross-reference  tables  to  data  corrections  and  data  corrections 
from  the  preceeding  data  report  appear  in  this  report. 

3)  Cumulative  correction  cross-reference  tables  are  included  in  this 
report  and  the  data  corrections  will  appear  in  the  next  data  report. 
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2.5  Biology 

This  section  contains  the  following  studies  required  by  the  Developmental 
Monitoring  Plan. 

2.5.1  Terrestrial  Wildlife  Studies 

2.5.2  Aquatic  Studies 

2.5.3  Terrestrial  Vegetation  Studies 

2.5.4  Threatened  and  Endangered  Species 

2.5.5  Revegetation 

2.5.6  Dendrochronology  and  Dendrocl imatology  (Inactive) 

Figure  2.5-1   depicts   the  biological   monitoring  stations. 

All   monitoring  stations   are  referenced  by  their  four-digit  computer  station 
codes.     A  cross-reference  of  the  computer  codes  and  station  I.D.   appear  in 
Section  4.2. 
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*%  2.5.1  Terrestrial  Wildlife  Studies 

Introduction 

Data  were  gathered  from  November,  1979  through  May,  1980.  Tabular  data 
includes  these  for  deer  road  counts,  road  kills,  and  age  composition  and  avifauna 
census . 
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2.5.1.1  Big  Game:  Mule  Deer 

Scope  of  Work 

Mule  deer  studies  conducted  during  this  sampling 
period  included:  road  counts,  roadkill  counts,  and  an  aqe  class  composition 
survey. 

Methods 

Mule  Deer  Road  Counts 

Mule  deer  road  counts  were  conducted   in  the  same 
manner  as  during   baseline  studies.     A  41-mile  length  of  road  was  driven   (from 
Rio  Blanco  Store  to  Highway  64)   and  all   deer  observed  were  recorded  within 
one-mile  intervals.     All   counts  were  made  during  late  evenings. 

Road  Kills 

Mule  deer  road  kill  counts  were  conducted  along  the 
same  41-mile  length  of  road  as  the  mule  deer  road  counts.  The  method  used 

was  described  in  the  monitoring  plan.  The  dead  deer  were  aged,  sexed  and 
tagged. 

Age  Class  Composition  of  Deer 

Age  class  estimates  of  deer  were  obtained  by  obser- 
vations of  deer  in  the  agricultural  meadows  near  Piceance  Creek  during 
November  1979  and  April  1980. 

Results 

Mule  Deer  Road  Counts 

Mule  deer  road  count  data  are  presented  in  Table 
2.5.1.1-la  thru  2.5.1.1-lc  showing  large  concentrations  of  deer  between  Stewart 
Gulch  and  Rock  School. 

Road  Kills 

Road  kill   data  are  presented  in  Table  2.5.1.1-2 
showing  deer  killed  along  the  entire  length  of  the  41-mile  road. 

Age  Class  Composition  of  Deer 

Age  class  composition  data  of  deer  wintering  near 
Tract  C.B.   are  presented  in  Table  2.5.1.1-3. 
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2.5.1.2  Medium- Si  zed  Mammals 

Scope  of  Work 

Medium-sized  mammal  studies  consist  of  coyotes  and 
lagomorphs  (cottontails  and  jackrabbits) .  No  studies  were  conducted  for  this 
report  period. 
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squirrel ,  etc 


2.5.1 .3  Smal 1  Mammals 

Scope  of  Work 

Small  mammal  studies  consist  of  mice,  chipmunks, 
No  studies  were  conducted  for  this  report  period. 
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2.5.1.4  Avifauna 

Introduction 

Estimates  of  density,  percent  relative  abundance,  and  diversity  indices 
were  calculated  for  songbird  and  songbird- like  species  for  1980  from  May  19 
to  May  27. 

Scope  of  Work 

Three  transects  in  chained  pinyon-juniper  rangeland  and  two  transects 
in  pinyon-juniper  woodland  were  censused  in  triplicate.  One  chained  pinyon- 
juniper  transect  is  located  near  the  proposed  construction  site;  another  at 
a  control  site  which  will  not  be  subject  to  future  disturbance;  and  the  third 
is  located  in  the  sprinkler  irrigation  area. 

Methods 

The  method  employed  for  censusing  was  the  strip  transect  method  as  de- 
scribed by  Emlen  (1971).  This  method  provides  data  from  which  quantitative 
estimates  of  density  of  songbird  and  songbird-like  species  can  be  calculated. 
Transects  are  800m  long  and  are  permanently  marked  with  steel  rebar  stakes 
and  flagging.  The  method  used  for  the  analysis  of  quantitative  data  collected 
from  transects  sampled  are  similiar  to  the  analytical  methods  described  in  the 
Sixth  Quarterly  Report  on  Inventory  of  Avifauna  at  Tract  C.B.  Shale  Oil  Project 
(Ecology  Consultants,  Inc.,  1976).  Estimates  of  density,  percent  relative 
abundance,  and  diversity  indices  were  calculated  for  each  census  period. 

Results 


Table  2.5.1.4-1  lists  the  bird  species  observed  on  Tract  C.B.  during  the 
1980  census  period.  Strip  transect  results  have  not  been  analyzed  yet,  but 
will  be  presented  in  the  next  data  report. 
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2.5.2  Aquatic  Studies 

No  additional  studies  were  made  during  this  time  period 
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2.5.3  TERRESTRIAL  VEGETATION  STUDIES 

There  was  no  vegetation  data  collected  during  the  period  from 
November,  1979  through  May  1980.  Vegetation  data  collection  begins  in  June  and 
continues  through  August. 
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2.5.4  THREATENED  &  ENDANGERED  SPECIES 

No  additional  studies  were  conducted  during  this  reporting 


period. 
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2.5.5  Revegetation 

Revegetation  monitoring  will  be  conducted  on  sites  which  have 
undergone  surface  disturbance  and  on  raw  shale  disposal  sites.  Revegetation 
monitoring  will  be  conducted  on  areas  larger  than  one  acre  which  are  seeded 
with  the  permanent  seed  mixture.  This  seeding  has  been  completed  on  sites 
(old  drill  pads)  which  meet  this  criterion  and  monitoring  will  begin  when 
revegetation  projects  are  completed.  No  new  monitoring  was  conducted  during 
this  report  period. 
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2.5.6  SOIL  SURVEY  AND  PRODUCTIVITY  ASSESSMENT 

No  additional  studies  were  conducted  during  this  report 
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2.5.7  DENDROCHRONOLOGY  &  DENDROCLIMATROLOGY  STUDIES 

No  additional  studies  were  conduted  during  this  report 
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2.6  ARCHAEOLOGICAL  STUDIES 


No  additional  studies  were  conducted  during  this  report  period 
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Z.7  Industrial  Health  and  Safety 

Periodic  reports  on  Health  and  Safety  Activities  have  been  requested 
by  the  Area  Oil  Shale  Supervisor.  Such  reports  are  those  prepared  by  the 
C-b  Project  and  all  contractors  for  distribution  to  outside  Federal  and 
State  agencies,  i.e.,  Mine  Safety  and  Health  Administration  (MSHA)  and  the 
Colorado  Division  of  Mines  and  inspection  reports  made  by  these  agencies 
and  received  by  the  Project  and  all  contractors  at  the  C-b  site. 
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2.7.1  Accident  Frequency 

Data  presented  in  this  section  as  provided  by  the  Health  and  Safety 
Department.  Table  2.7. 1-1* presents  the  basic  man  hours,  accident  and  injury 
rate  data  for  the  period  from  January,  1979  through  January,  1980.  MSHA 
inspection  reports  and  citations  are  on  file  and  are  available  upon  request. 


IR  =  Injury  rate 
RA  =  Reported  accidents 
LTA  =  Lost  time  accidents 
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2.7.2  Mine  Gas  Monitoring 

Mine  gas  samples  are  required  at  least  once  every   24  hours 
from  the  exhaust  air  of  each  shaft.  Random  samples  are  taken  in  active  work 
areas,  sealed  or  abandoned  areas,  pump  stations  and  at  surface  water  wells 
and  water  storage  tanks.  The  frequency  of  random  samples  is  at  the  discretion 
of  Occidental  management,  and/or  upon  contractor  request.  The  required  sample 
data  includes  date,  location,  type,  work  cycle  and  person  taking  sample.  The 
following  tables  present  the  data  taken  during  the  period  from  May,  1979  through 
May  1,  1980. 
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1            °2 

CO 

I'   ' 

1 

WEEKLY  SHAFT  GAS 
•  V&E 

C02    K   2 

AilALYSI  5 
SHAFT 

CH4 

SUMMARY    Week 

Date 

^2^    Run 

of:   4/12/80 
Exhaust    Work  Cycle 

Saturday 

V.tf 

. 

. ._, 

1 

iSundav 

! 

1 

i 
1 

Monday 

■  ■ 

1 

• 

1 

, 

- 


Tuesday 

, 

i 

" 

1 

* 

t 

i 

1 

i 

Wednesday 

1     ■    1  •        1 

i 

"  '" 

l 

Thursday 

J 

04170-1 

20.946 



0.166 

77.918 

— 

— 

b/8/BU 
A.  Wood 

tscapeway 

Groutinq 

Friday 

J^ 

I 



Summary  of  on-site  gas  monitoring: 


■ 

• 

« 

~  £ 

' 
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'WEEKLY  SHAFT  GAS  ANALYSIS  SUMMARY     Week  of:   4/19/80 
V&E  SHAFT 


°2 

CO 

co2 

N2 

CH4 

H2S 

Run 

txnaust 

war*,  cyuiu 

% 

Saturday 

• 

am^.e 

m 

• 

# 

(Sunday 



04250-1 

20.872 

— 

0.152 

78.043 



5/8/80 
Al  Wood 

Escapeway 

C.nl  lar 

Grouting 

I 

Monday 

1 

I  • 

1 

. 

• 



... 

Tuesday 

, 

i 

• 
* 

i 

Wednesday 

.... 

i 

! 

Thursday 

Friday 

' 

' 

Summary  of  on-site  gas  monitoring: 
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o2     CO 

WEEKLY  SHAFT  GAS 
•  V&E 

C02    "N  2 

ANALYSIS 
SHAFT 

CH4 

SUMMARY    Week  of:  4/26/80 
H2S   r"8    Exhaust    W0rk  CyCle 

Saturday 

3.e 

. 

. 

« 

Sunday 

t 

Monday 

1, 

1 

. 

• 

| 

1 

i 

i 

I 

i 

I 

i 

Tuesday 

, 

"  '  " 

i 

Wednesday 

1 

I 

1              ' 

! 

Thursday 

Friday 

1 

05020-1 

20.763 

_  _  — 

0.1-08 

78.203 





o/6/dO 
Al  Wood 

Escapeway 

Collar  (RP) 

Grouting 

. 

- 

Summary  of  on-site  gas  mon- 

itoring: 

< 

• 

• 

• 

• 
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WEEKLY  SHAFT  GAS  ANALYSIS  SUMMARY     Week  of:   5/3/80 
■  V&E  SHAFT 

Date    r..u,..~*    i 


°2 

CO 

co2 

M2 

CH4 

H2S 

Run 

txnaust 

worn,   v«,yv>i«= 

W  Saturday 

• 

inp.e 

# 

. 

iSunday 

1 

— 

'•londav 

05050-2 

21.073 



0.122 

77.870 

— 

"~ 

b/y/yu 

Al   Wood 

tscapeway    u 

Collar   fRPl   Groutina 

i 
1 

! 

i 

1 

-" 

Tuesday 

• 

I 

• 

| 

1  "" 

' 

Wednesday 

1 

Thursday 

■ 

Friday 

0509O-? 

20.921 

—  __ 

0.152 

77.913 

__  _ 

... 

5/15/80 

Al    Wood 

Escapeway 

R.    Parker 

Groutinq 

~j 

| 

| 

* 

Summary  of  on-site  gas  monitoring:      Gilbert  hand  samples  have  shown  a  concentration  as  high 

as   .2%  CH, ,  H^S.     These  are  random  samples  taken  by  Gilbert  Gas  Monitor  with  hand-held    • 

methanometers.      .2%  CHfl   reflects  the  lower  limit  reliability  of  hand  samples  and  the 

$>    figures  are  not  authenticated  by  GC  samples. 
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°z 

CO 

co2 

■  V&E 
N02 

SHAFT 
CH4 

H2S 

11  v.  v.  i\ 

Date 
Run 

Exhaust    Work  Cycle 

■Saturday 

)          :1l' 

1 
I 

.  , . 

...  — . . 

iSundav 

■ — —  . 

i 

( 

1 

i 

i  -'on  day 

| 

! 05120-2 

21.210 

-0- 

0.170 

77.595 

-0- 

— 

Ai  Wo Qo 

qEs????er  1*  Srountin 

1 

. 

i          : 

Tuesday 

9 

i 

■ 

• 

1 
1 

i 

* 

1 

. 

Wednesday 

i 
i 

i          t 

05140-1 

20.774 

-0- 

0:182 

78.120 

-0- 

— 

b/iy/bu  1   tscapeway  n 
V.  Albertion  Parker  i  Grouting 

i 

i 

Thursday 

1 

I 

Fridav 

1 

i 

05160-2 

20.578 

-0- 

0.548 

77.959 

-0- 



Al  Wood 

LSuddtiWdy 

J.  Clenhorn 

Grouting 

i| 

Summary  of  on-site  gas  monitoring:   For  CH. ,  Gilbert  hand-held  Methanometer  reading 
this  week  indicate  concentrations  as  high  as  .6%   directly  from  a  bleeder  and  .2%   at  the 
shaft  bottom  (1050  level).  All  the  other  readings  were  0%.     The  H^S  and  CO,?  readings 
were  also  0".  The  methane  readings  were  not  authenticated  by  GC  samples  taken. 
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WEEKLY  SHAFT  GAS  ANALYSIS  SUMMARY    Week  of:   5/24/80 
•  V&E  SHAFT 


Date 


'2  : 


CO 


C02    *M^2     CH4    H2S    Run 


Exhaust    Work  Cycle 


Saturday 

1 

■    ■ 

pie 

1 

... . 

i 

| 

* 

i 

iSundav 

- 

i 
1 

1 

i 

|              t 

i 

1 

_J_ 

| 

nb ndav 

| 

1 
1 

u 

i   ' "  ■  ■  ■  ■ 
• 

. 

• 

L 
fuefc-ay 

, 

*• 

1 

i 

Wednesday  | 

| 

I 

05280-1       I  20.924 

-0- 

0.181 

77.971 

-0- 

-0- 

6/3/80 
Al    Wood 

WW^t  Fin     BFWl   tc 

1" 

| 

K.   Parke* 

jQ52a.O^      J  20.663 

-0- 

0.157 

72'.  254 

-0- 

-0- 

b/3/oU 
Al    Wood 

tscape  w/4  i    Prep,, to 

St-o-   Fan      1 

Thursday 

i 
I 

R.    Parker 

f 

t 

!          | 

1 



Friday 

1 

1 

_[ 

1     1 

• 

r 

Summary  of  cn-site  gas  monitoring:    0%  concentrations  of  CM*,  H?S  and  CO  noted 

on  Gilbert  Gas  Monitoring  Logs 
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WEEKLY  SHAFT  GAS  ANALYSIS  SUMMARY    Week  of:  4/12/80 


o2             CO 

co2 

% 

RANDOM 
N2 

SAMPLES 
CH4 

H2S 

Date 
Run 

Bxhaas*        Work 

Location 

Cycle 

# 

jsaturday 

0/                                     0/ 

la                1          la 

10 

0, 

lo 

• 

impie 

. 

i 

Sunday 

I 
1 

1 

i                > 

Mondav 

u 

1 

» 

1 

1 

1 

• 

" 

Tuesday 

, 

1 

i 

* 
* 

I 

i 

i 

Wednesday 



1 

04150-1 

21.240 

-.173 

77.658 

— 

-- 

4/29/80    |P/Srfan.    Lvt  ' 
Brackett    IC.    Envert     J 

? 

1 
1 

Thursday 

- 

Friday 

" 

• 

Summary  of  on-site  gas  mon" 

toring: 

1 

• 

• 

• 

- 

* 

• 

• 

. 

1-105 

II 

* 

- 

SERVICE  SHAFT 


CO     CO. 


CH, 


H?S    Run 


2ate    Exhaust    Work  Cycle 


1 

[Saturday 

| 

T 

| 

t 

J 

# 

i 

• 

Sundav 

! 

pond ay 

i 

04210-2 

20.741 

0.246 

78.090 

5/8/8U 
Al   Wood 

ign.   Level  y* 

C.    Spears     1  Rock  Bltq. 

. 

!  • 

Uuescav 

1                    1 

! 

! 

1 

J             1 

1 

"Wednesday  ! 

j 
1 

1 

i 

0 

i 
1 

I 

i 
(Thursday 

Friday 

1 

Surrtrr-.a ry  of  on-site  gas  r?.oni 

toring: 

• 

• 

• 



II 

[-10b 

• 

WLl.NL  I     brtMr  I     bni    n:,MLOii     iU.  ..  mKI 

SERVICE  SHAFT 


/.csn    ui  :  j/j/uu 


CO     CO. 


CHy 


u  e    ?dte     Exhaust    Work  Cycle 
H9«>    Run 


1 — 

Saturday 

| 

T" 

. 

1 

Sundav 

1 
i 

| 

1 

!      i< 

< -ton  day 

1 
i 

05050-1 

20.335 

— _  _ 

2.100 

76.689  !  — 

... 

5/8/80 
Al  Wood 
579780 
Al  Wood 

ign.  Level. j t  Kock 
W.  Drift  (RP)  Bltg. 
Upper  Gall.j  g?ck 
Ron  Parker    Bltq. 

05050-3 

21.169 

0.154 

77.743 

(Tuesday 

.  . 

i 

i 

1 

* 

J 

1 

■Wednesday  | 

! 

i 

!           i 

1               ! 

i 
(Thursday 

I 

! 

Fries v 

| 

1 

Summary  of  on-site  gas  monitoring 


0%   concentrations  noted  for  CH,  and  HgS  for  the  week 
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WEEKLY  SH.AKi  3AS  ANALYSIS  SuI-'-'-'iARY 

SERVICE  SHAFT 


w 6  e k  or: 


-5/10/80- 


CO 


COo     N0, 


CH, 


Date 
H2S    Run 


Exhaust    Work  Cycle 


I 

Saturday 

£ 

aniu  .  e 

- 

Sunday 

i 

!       i< 

i         1 

"•'ondav 

1 

i 

05120-1        120.915 

-0- 

0.177 

77.974 

-0- 

i.5/12/80 

—        !AT  Wood 

^Subcollar  *> 
R.   Parker      I 

Drill inq 

1 

j 

i 

I 

1 

1 

! 

| 

| 

i 

1 
i 

Tuesday 

1 

p     , 

i 
1 

1 

! 

.1                ! 

I'Jednesdav  \ 


1                  '                 I                  !                 i                 1 

1                 ! 

i 
i 

i                                      [ 
(Thursday 

1 
i 

1 

F  ri  d  2  y 

| 

05160-3 

21.000     1-0- 

0.174 

1                                 |b/28/80       Sub  Collar 
77.878           -0-           —    lAl   Wood       J.   Cleqhorn 

Muckinq 

'        1 

1                1 

1 

Summary  of  on-site  gss  monitoring: 0%  concentrations  noted  for  CH.,  H^S  and  COo 

for  the  week. 
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CO 

WEEKLY  SHAFT  GAS  ANALYSIS 
PRODUCTION  SHAFT 

C02    -  N  2     CH4 

,  SUMMARY     Week 

Date 
H2^    Run 

of:   4/12/30 
Exhaust    Work  Cycle 

Saturday 

1 
! 

ampie 

# 

i 

i 
Sunday 

|. 

l 

Monday 

I 

1 

1 

. 

... 

Tuesday 

, 

i 

* 

i 
1 

1 

i 

I 

I 

t 

i 

Wednesday 

04160-2 

21.328 

- 

•  .152  177.592 

_  _ 

_  _ 

4/ '29/ 80 
Brackett 

Ign.  Level 

C.  Enyert     ? 

! 

1 

Thursday 

1 
1 

Friday 

~T 

J 

Summary  of  on-site  gas  monitoring: 
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WEEKLY  SHAFT  GAS  ANALYSIS  SUMMARY     Week  of:   4/19/80 


PRODUCTION  SHAFT 


Date 


-■fc 

°2    . 

CO 

co2 

N2 

CH4 

H2S 

Run 

txnausL 

worn,   t-yuic 

1 

Saturday 

imj-»ic; 

j 

# 

* 

Sunday 

• 

1 

Monday 

1 

i 

04210-1 

20.873 

___ 

0.166 

78.042 



b/8/8U 
A.   Wood 

Ign.    Level 
C.    SDears 

It 

1                      ? 

• 

. 

| 

~ 

Tuesday 

1  - 

, 

i 

* 

i 

i 
t 

i 

i 

; 

Wednesday 

| 

! 

Thursday 

' 

■■■ 

I 

t 
1 

Friday 

1 

I 

• 

. .' 

1 

Summary  of  on-site  gas  monitoring: 
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Saturday 

°2 

CO 

WEEKLY  SHAFT  GAS  ANALYSIS 
PRODUCTION  SHAFT 

C02           N  2             CH4 

,  SUMMARY           Week  of:       4/26/80 

H2S         Ru^           ExhauSt         W°rk  CyCle 

• 

jangle 

# 

ISundav 

1 

Monday 

1 

1 

1                                               I 

1 

. 

i 

Tuesday 

! 

- 

• 



♦ 

i 

Wednesday 

J 

i         — 

i 

i 

Thursday 

Friday 

05020-2 

20.911 

•   _  mm 

0.126 

78.029 

—  —      — 



b/y/au 
Al   Wood 

bub  lo I lar 
R.    Parker 

Dril  ]  i rig 

J 

Summary  of  on-site  gas  monitoring: 
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WttM-T    SHAN    bAb    ANALYbib    bUMMAKY 

PRODUCTION  SHAFT 


Week  of:   ^/b/au 


CO     C02    ■*  N  2     CH4    H2S    Run 


?ate    Exhaust    Work  Cycle 


v 


•Saturday 

| 

■ 

• 

i 

Sunday 

i      1 

nonday 

05050-4 

20.694 

— 

0.947 

77.435 

— 

— 

5/9/80 

Al  Wood 

Sub-Co!  lar  \%. 

R.  Parker   Shotcrete 

. 

[Tuesday 

• 

j  05060-2 

20.659 



0.323 

78.101 



___ 

5/12/8U 
Al  Wood 

lubu  Drift  j 

1  Mucking 

| 

» 

1 

i 

1 

i 

rtfednesdav 

i 

• 

i 

1 

I 

! 

r 

(Thursday 

I 

. .  . 

• 

i 

j 

Fridav 

i 

05090-1 

■  20.986 

0.165 

77.934 

___ 



b/lb/80 

Al  Wood 

bub-Lol lar 
R.  Parker 

Mucking 

1 

i 

Summary  of  on-site  gas  monitoring 


07c  concentration  noted  for  CH,   and  HgS  for  the  week 
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CO 

WEEKLY  SHAFT  GAS  ANALYSIS  SUMMARY    Week 

PRODUCTION  SHAFT            j£ 

Date 
C02    U02             CH4    H2S    Run 

of:    b/iu/au 

°2 

Exhaust    Work  Cycle 

r 
(Saturday 

T 

— 

amp.  j 

i 

# 

iSundav 

I 
1 

1 

1 

r'onday 

i 

i 

! 

1 

i 

, 

I  ■ 

1 
1 

Tuesday 

! 

i 

, 

i 

1 

0 

■ 

V/ednesdav 

i 

— 

i 



Thursday 

! 

i 

Friday 

,  _., 

1 

0516G-4 

20.522 

-0- 

0.145   |78.412 

-0- 

-0- 

l\   Wood 

Sub  co llarl 

J.  Cleghorn  Grouting 

1 

Summary  of  on-site 

gas  morr 

toring: 

• 

• 

• 

Ill-id- 
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WEEKLY  SHAFT  GAS  ANALYSIS  SUMMARY    Week  of:  5/3/80 

RANDOM  SAMPLES 

rn     rrs  h  ru     h  S  £atG    &xkausi    Work  Cycle 

C0     C02    H   2     CH4     H2S  *""     Location 


unple 

# 


Saturday 

• 

[Sunday 

■ 



! 

Mondav 

J 

1, 

f» 

. 

• 

- 

1 

{Tuesday 

, 

I  05060-1 

20.890 



0.290 

77.886 

— 

— 

3/12/80 
Al  Wood 

1050  N  Drlfc 

S.  Ochko   1  Muckinq 

1 

* 
* 

1 

• 

"Wednesday 

._ 

1 

I 

• 

! 

{Thursday 

I 

1 

. 

Friday 

-               __— — ^__ 

* 

. 

Summary  of  on-site  gas  monitoring 
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CO 

Week 

Date 
Run 

°2 

_1 

WEEKLY  SHAFT  GAS  ANALYSIS 
RANDOM  SAMPLES 

C02           N^2             CH4 

SUMMARY 
H2S 

0f:    5/24/30 

brixmrt        Work  CycV> 
Location                       — 

;aturday 

■■ 

pie 

, 

J^ 

■  — 

Sunday 

' 

i 

i 

i       i 

i           1             ! 

■lOnOcJ 

! 

u 
1 

i 

• 

. 

i 

- 
i 

i 

i 

i 

1 
1 

i 

i 

i 

! 
I 

I 

1 

1 

1 

- 

I 

t 

i 

Tuesday 

, 

i 

* 

-   - 

-edr.esdav 

!              ! 

05280-3 

20.743 

-0- 

0.166 

73.080 

0.080 

-0- 

°/3/8o       1  1050  E-Prift'at  gleet. 

Al   wood     1  Above  bleeder       Panel 

V/E             j  (Prep  to  dr"'l 

Thursdav 

! 

i 

Friday 

1 

i 

1 

! 

• 

1        i 

Summary  of  on-siLe  gas  monitoring 
Gilbert  Gas  Monitoring  Logs 


Q%   concentrations  of  CM. ,  H„S  an'd  CO  noted  on 
i+ c 


I  I  I-l^b 


nple 


i 


CO 


WEEKLY  SHAFT  GAS  ANALYSIS  SUMMARY     Week  of:   5/10/80 

RANDOM  SAMPLES  -£flS  -  Sg/?-£^-\ 

Date    nr.v^v.wv    Work  Cycie 


CO, 


N 


CH, 


H2S 


Run 


Location 


Saturday 

1 

1 

1 
I 

Sunday 

. 

_ 

1      i 

i 

I 

Monday 

i 

i 

i  ■ 

1* 

I 

. 

1 

- 

i 
i 

~j" 

[Tuesday 

! 

, 

i 

1 

i 

* 

i 

1 

^ednesdav 

.  , 

i 
fThursday 

■ 

Friday 

i 

05160-1 

20.920 

-0- 

0.199 

77.957 

-0- 

-0- 

Al  Wood 
5/28/80 

H?0  Recelvl ig  Tank  at 
Lower  Piceaice  Creek 

Exhaust  at 

fop  Vent 

J~ 

' 

Summary  of  on-site  gas  monitoring: 
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3.0  OTHER  STUDIES 

Data  were  collected  in  two  of  the  programs  within  the  Other  Studies 
categories  for  November,   1979   through  May,   1980.     These  programs  were: 
Micro-environmental    Studies  and  Traffic  Load  Studies.     The  other  programs 
in  the  Other  Studies  categories  were  inactive  during  this  report  period. 
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3.1   FISH  &   WILDLIFE  MANAGEMENT  PLAN 

v       

No  additional    studies  were  made  during   this   time  period 
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3.2  MICRO-CLIMATE  PROGRAM 

Introduction 

Micro-climatic  parameters  for  November,  1979  -  May,  1980  include 
the  following: 

1.  Maximum  and  minimum  temperature  at  surface  and  at  one  meter, 
Table  3.2-1. 

2.  Precipitation,  Table  3.2-2 

Scope 

Studies  of  micro-climatic  parameters  on  the  C-b  Tract  provide  data 
that  are  useful  in  assessing  changes  in  vegetation  production  and  structure, 
animal  populations,  or  animal  activity  patterns,  and  may  also  be  correlated 
with  changes  in  functional  components  of  the  C-b  ecosystem  that  may  occur  as 
a  result  of  shale  oil  development.  Five  micro-climatic  stations  are  located 
in  developmental    sites  and  five  in  control   sites. 

The  following  sites  are  monitored: 

MC  Station  Locations 

BC01  Chained  Pi nyon- Juniper  Rangeland,  Veg.   Plot  1 

BC02  Chained  Pi nyon- Juniper  Rangeland,  Veg.   Plot  2 

BC03  Plateau  Sagebrush,  Veg.   Plot  3 

BC04  Valley  Bottom  Sagebrush,  Veg.   Plot  4 

BC05  Pinyon-JuniDer  Woodland,  Veg.   Plot  5 

BC06  Pinyon-Juniper  Woodland,  Veg.   Plot  6 

BC07  Chained  Pinyon-Juniper  Rangeland 

(Animal   Trapping  Transect) 

BC08  Bunchgrass  Community,  South-facing  Slope 

BC09  Valley  Bottom  Sagebrush,  Mouth  of  Sorghum  Gulch 

BC13  Mixed  Mountain  Shrubland,  North-facing  Slope 

All    temperature  readings  consist  only  of  maximum  and  minimum  readings  for 
two-week  periods.     Precipitation  is  measured  only  during  the  growing  season, 
March  through  October.     Therefore,   precipitation  data  from  meteorology  stations 
AB20  and  AB23  are  utilized  for  winter-month  readings   (November-February)   for 
valley  and  pinyon-juniper  microclimate  stations.     Snow  measurements  are  obtained 
approximately  from  November-February. 

Refer  to  Section  4.2  for  cross-reference  of  four-digit  computer  codes  used  in 
this  section. 
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TABLE  3.2.1 

MICROCLIMATE  DATA 
TEMPERATURE  MAXIMA  AND  MINIMA  AND  PRECIPITATION  TOTALS 
November  1979  -   May  1980 


Gr 


Site 

Number 

Parameter 

Month 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

Mav 

BC01 

Air  Temperature  Maximum  (°C) 
Air  Temperature  Minimum  (°C) 
Surface  Temoerature  Maximum  (°C) 
Surface  Temperature  Minimum  (°C) 

-9 
-26 

-3 
-29 

-12 
-30 
-12 
-31 

-12 
-26 
-11 
-31 

-14 
-28 
-12 
-32 

-12 
-30 
-11 
-29 

-12 

-24 

-1 

-11 

28.0 
-2.0 
32.0 
-4.0 

BC02 

Air  Temperature  Maximum  (°C) 
Air  Temperature  Minimum  (°C) 
Surface  Temperature  Maximum  (°C) 
Surface  Temperature  Minimum  (°C) 

-7 
-29 

-5 
-30 

-9 
-32 
-11 
-33 

-12 
-29 
-12 
-27 

-12 
-33 
-13 
-31 

-12 
-27 
-11 
-30 

-6 
-24 

-2 
-26 

16.0 
-3.0 
34.0 
-7.0 

BC03 

Air  Temperature  Maximum  (°C) 
Air  Temperature  Minimum  (°C) 
Surface  Temperature  Maximum  (°C) 
Surface  Temperature  Minimum  (°C) 

-9 
-27 

-4 
-28 

-12 
-30 
-11 
-31 

-15 
-27 
-12 
-29 

-12 
-27 
-14 
-32 

-12 
-29 
-13 
-26 

-9 
-24 

-6 
-21 

20.0 
-2.0 
28.0 
-1.0 

BC04 

Air  Temperature  Maximum  (°C) 
Air  Temperature  Minimum  (°C) 
Surface  Temperature  Maximum  (°C) 
Surface  Temperature  Minimum  (°C) 

-4 
-29 

-8 
-29 

-10 
-33 
-11 
-26 

-10 
-30 
-18 
-29 

-12 
-32 
-14 
-32 

-10 
-32 
-12 
-31 

-3 
-57 

-7 
-26 

30.0 
-9.0 
26.0 
-8.0 

BCOS 

Air  Temperature  Maximum  (°C) 
Air  Temperature  Minimum  (°C) 
Surface  Temperature  Maximum  (°C) 
Surface  Temperature  Minimum  (°C) 

-8 
-28 

-5 
-27 

-12 
-32 

-n 

-32 

-12 
-29 
-11 

-24 

-14 
-32 
-13 
-29 

-12 
-29 

-12 
-27 

-6 
-26 

-4 
-23 

28.0 
-6.0 
29.0 
-2.0  * 

BC06 

Air  Temperature  Maximum  (  C) 
Air  Temperature  Minimum  (°C) 
Surface  Temperature  Maximum  (°C) 
Surface  Temperature  Minimum  (°C) 

-7 
-28 

-3 
-27 

-11 
-33 
-11 

-33 

-12 
-28 
-13 
-28 

-13 
-31 
-14 
-31 

-10 
-27 
-12 
-27 

-6 
-26 

-3 
-24 

24.0 
-4.0 
34.0 
-3.0 

BC07 

Air  Temoerature  Maximum  (°C) 
Air  Temperature  Minimum  (°C) 
Surface  Temperature  Maximum  (°C) 
Surface  Temperature  Minimum  (°C) 

-7 
-29 

-4 
-28 

-11 

-32 
-9 

-31 

-11 
-29 
-10 
-31- 

-13 

-32 

-7 

-33 

-11 
-29 
-10 
-30 

-4 
-26 

-3 
-26 

22.0 
-5.0 
30.0 
-7.0 

BC08 

Air  Temperature  Maximum  (°C) 
Air  Temperature  Minimum  (  C) 
Surface  Temperature  Maximum  (°C) 
Surface  Temperature  Minimum  (°C) 

-7 
-28 
-10 
-24 

.9 
-33 

-9 
-32 

-11 

-29 

-8 

-28 

-13 

-32 

-9 

-30 

.9 

-26 

-7 

-27 

.9 
-23 

-7 
-24 

24.0 

2.0 

26.0 

-1  .0 

BC09 

Air  Temperature  Maximum  (°C) 
Air  Temperature  Minimum  (°C) 
Surface  Temperature  Maximum  (°C) 
Surface  Temperature  Minimum  ("C) 

-3 

-29 

-7 

-32 

-11 

-37 

-8 

-33 

-13 
-33 
-11 
-31 

-12 
-34 
-12 
-36 

-9 
-32 
-10 
-30 

-4 

-28 

1 

-26 

25.0 
-11  .0 

OJ  .u 

-7.0 

BC13 

Air  Temperature  Maximum  (°C) 
Air  Temperature  Minimum  (°C) 
Surface  Temperature  Maximum  (°C) 
Surface  Temperature  Minimum  (°C) 

-6 
-29 

-3 
-28 

-11 
-33 
-10 
-32 

-13 
-27 
-13 
-28 

-12 
-32 
-12 
-31 

_9 
-26 
-11 
-26 

-6 
-24 

-3 
-24 

36.0 
-5.0 
29.0 
-6.0 

9850  -  Vandalized 
9450  -   Dead  Animal 
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TABLE  3.2-2 

MICROCLIMATE  SUMMARY:   TOTAL  PRECIPITATION  AND  AVERAGE  SNOW  DEPTH  &  SNOW  MOISTURE 

OCTOBER  1979  -   MAY  1980 


Month 

Site 

Number 

Parameter 

Oct 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

Ma  / 

Precipitation  Total    (Cm) 

0.00   (4) 

(3) 

(3) 

(3) 

(3) 

3.56   (4) 

2.03 

4.29 

BC01 

Snow  Depth  Average   (Cm) 

7.00 

11.70 

25.00 

* 

20.87 

19.40 

(2) 

(2) 

Snow  Moisture  Average   (Cm) 

1.20 

2.10 

4.20 

* 

5.07 

5.40 

(2) 

(2) 

Precipitation  Total    (Cm) 

0.00   (4) 

(3) 

(3) 

(3) 

(3) 

2.79   (4) 

2.11 

3.43 

BC02 

Snow  Depth  Average   (Cm) 

8.20 

12.90 

24.20 

* 

17.80 

5.20 

(2) 

(2) 

Snow  Moisture  Averaae  (Cm) 

1.60 

2.30 

4.00 

* 

4.87 

1.60 

(2) 

(2) 

Precipitation  Total    (Cm) 

0.00   (4) 

(3) 

(3) 

(3) 

(3) 

5.33   (4) 

2.82 

3.02 

BC03 

Snow  Depth  Average  (Cm) 

10.00 

12.10 

28.50 

* 

28.47 

33.40 

(2) 

(2) 

Snow  Moisture  Average   (Cm) 

2.00 

2.70 

4.80 

* 

7.20 

10.00 

(2) 

(2) 

Precipitation  Total    (Cm) 

0.00   (4) 

(3) 

(3) 

(3) 

(3) 

3.56   (4) 

2.31 

4.24 

BC04 

Snow  Depth  Average  (Cm) 

10.00 

9.10 

26.70 

* 

20.13 

2.00 

(2) 

(2) 

Snow  Moisture  Average   (Cm) 

2.80 

2.30 

4.30 

* 

5.07 

0.40 

(2) 

(2) 

Precipitation  Total    (Cm) 

0.00   (4) 

(3) 

(3) 

(3) 

(3) 

4.44   (4) 

1.57 

2.51 

BC05 

Snow  Depth  Average   (Cm) 

4.80 

7.20 

15.50 

* 

15.67 

14.80 

(2) 

(2) 

Snow  Moisture  Average   (Cm) 

0.80 

1.50 

2.60 

* 

3.67 

5.00 

(2) 

(2) 

Precipitation  Total    (Cm) 

0.00   (4) 

(3) 

(3) 

(3) 

(3) 

1.98   (4) 

2.54 

3.05 

BC06 

Snow  Depth  Average   (Cm) 

5.20 

10.20 

27.20 

* 

32.33 

28.80 

(2) 

(2) 

Snow  Moisture  Average   (Cm) 

0.60 

2.70 

4.00 

8.53 

9.60 

(2) 

(2) 

Precipitation  Total    (Cm) 

0.00   (4) 

(3) 

(3) 

(3) 

(3) 

3.68   (4) 

1.93 

3.30 

BC07 

Snow  Depth  Average   (Cm) 

12.20 

11.30 

26.50 

* 

22.20 

20.40 

(2) 

(2) 

Snow  Moisture  Average   (Cm) 

2.20 

2.70 

5.30 

6.00 

5.40 

(2) 

(2' 

Precipitation  Total    (Cm.) 

2.79    (4) 

(3) 

(3) 

(3) 

!7\ 

\  -5  1 

2.54   (A) 

1.42 

5.00 

BC08 

Snow  Depth  Average   (Cm) 

* 

1.80 

(1) 

* 

0.00 

0.00 

(2) 

(2) 

Snow  Moisture  Averaoe   (Cm) 

* 

0.70 

(1) 

0.00 

0.00 

(2) 

(2) 

Precipitation  Total    (Cm) 

0.00   (4) 

(3) 

(3) 

(3) 

(3) 

1.73   (4) 

1.24 

3.25 

BC09 

Snow  Depth  Average   (Cm) 

8.60 

10.10 

25.80 

* 

18.40 

3.20 

(2) 

(2) 

Snow  Moisture  Averaae   (Cm) 

1  .80 

2.10 

3.30 

4.27 

1.00 

(2) 

(2) 

Precipitation  Total    (Cm) 

0.00   (4) 

(3) 

(3) 

(3) 

(3) 

3.56   (4) 

2.76 

3.84 

BC13 

Snow  Depth  Average  (Cm) 

15.60 

17.70 

37.80 

* 

52.73 

55.60 

(2) 

(2) 

Snow  Moisture  Average  (Cm) 

1.60 

3.70 

5.10 

11.67 

14.80 

(2) 

(2) 

*: 


[D     Trace  -  Not  Measurable. 

2)  r.now  Depth  and  Snow  Moisture  were  not  monitored  in  April  1980. 

3)  Drecipitation  data  not  collected  during  the  winter  months. 

4)  Partial  Data  -  precipitation  was  being  monitored  first  half  of  month 
snow  deptn  ana  snow  moisture  was  monitored  second  half  of  month. 

*   Missing  Data 
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3^3  SCENIC  VALUES  STUDY 


No  additional  studies  were  conducted  during  this  time  period 
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3.4  Traffic  Load 

This  section  contains  data  relating  to  vehicular  and  passenger  load 
along  Piceance  Creek  road  and  into  the  C-b  Oil  Shale  Tract. 

Daily  vehicle  counts  taken  at  the  C-b  Guard  Shack  are  presented  in 
Table  3.4-1.  These  data  were  broken  down  into  counts  of  cars  and  trucks 
beginning  in  May,  1979. 

The  C-b  Shale  Oil  Project  began  providing  regular  bus  service  for 
employees  to  and  from  the  C-b  Tract  on  April  1,  1978.  In  order  to  help 
judge  the  effectiveness  of  this  program,  Table  3.4-2,  showing  a  daily 
count  of  the  work  force,  and  Table  3.4-3,  summarizing  bus  passenger  mile 
data  for  1979,  have  been  prepared.  Contractor  work  force  data  by  shift 
has  been  provided  starting  September  21,  1979  and  is  on  file  in  Grand 
Junction. 

A  program  of  monitoring  vehicular  traffic  was  initiated  in  March,  1978 
Counters  were  placed  at  the  Rio  Blanco  Store  (BT01),  Cattleguard  (BT02), 
and  Rio  Blanco  Lake  (BT03).  A  memorandum  exlaining  the  traffic  counter 
calibration  is  on  Pages  III- 144  and  III- 145  ,  Stevens  PPRII  print-punch 
traffic  recorder  data  follows  on  Pages  III- 146  through  III- 164 
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TO: 


E22IV    INTER-OFFICE   MEMORANDUM 


E.    B.   Baker 


SUBJECT:     Traffic  Counter  Calibration 


FROM:   p.  v;.  Noble 

G.  E.  Scarrow 
PROJECT:  00SI  C<B# 

DATE:    Hay  8>  1980 


The  purpose  of  this  study  was  to  check  the  accuracy  of  the  two  types  of 
traffic  counters  (tube  and  electronic  sensor)  used  to  measure  traffic  flow 
on  Piceance  Creek  Road.   The  two  types  of  counters  were  set  up  simultan- 
eously for  a  measured  time  period  on  May  7,  1980  and  the  resulting  counts 
compared  to  a  visual  count  of  the  same  traffic.   The  results  for  the  "Lake" 
location  were  as  follows: 

rirpn"im:TP     crMCnu  . 


Time  Period 

10:00-11:00 
11:00-11:45 
TOTAL 


Incoming 

Outgoing 

Total 

5 

9 

14 

6 
11 

4 
13 

10 
24 

TUBE   SENSOR: 


Time  Period 

No. 

Impulses  ( 

axles) 

10:00-11:00 

47 

11:00-11:45 

21 

TOTAL 

68 

VISUAL : 

Time  Period 

(10 

: 00-11:00) 

Outgoing 

Incoming 

Total 

$   Vehicles 

4 

8 

12 

('   Axles 

13 

23 

36 

Time  Period 

(11 

: 00-11:45) 

Outgoing 

Incoming 

Total 

d   Vehicles 

6 

4 

10 

$   Axles 

13 

8 

21 
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MEMORANDUM  TO: 

SUBJECT: 

FROM: 

May  8,  1980 

Page  two 


E.  B.  Baker 

Traffic  Counter-  Calibration 

F.  W.  Noble/G.  E.  Scarrov 


The  results  for  the  "Store"  location  were  as  follows 


ELECTRONIC  SENSOR: 


Time  Period 

Incoming 

Outgoing 

Total 

11:00-12:00 

11 

7 

18 

12:00-12:30 
TOTAL 

5 
16 

8 
15 

13 
31 

TUEE  SENSOR: 

Time  Period 

No. 

Impulses  (axles 

) 

11:00-12:00 

26 

12:00-12:30 

22 

VISUAL: 

Time  Period 

(11 

:00- 

-12:00) 

In< 

:oming 

Outgoing 

Total 

#  Vehicles 

13 

7 

20 

#   Axles 

30 

14 

44 

Time  Period 

(12 

:00- 

-12:30) 

Incoming 

Outgoing 

Total 

#  Vehicles 

5 

7 

12 

#  Axles 

13 

17 

30 

The  primary  conclusion  that  can  be  derived  from  the  above  data  is  that  the 
electronic  sensor  method  of  traffic  counting  mere  closely  reflects  the  actual 
number  of  vehicles  using  the  road  in  a  given  period  of  time  than  does  the  tube 
sensor  method.   Differences  in  the  electronic  sensor  counts  and  visual  counts 
can  be  attributed  mainly  to  vehicles  riding  the  middle  of  the  road  and  being 
picked  up  by  both  incoming  and  outgoing  sensors  simultaneously.   This  is  parti- 
cularly true  at  the  "Lake"  location,  where  the  sensors  are  placed  at  one  end 
of  a  bridge.   Large  trucks  tend  to  ride  the  center  of  the  bridge  and  be 
picked  up  by  both  sensors.       7— 

F.  W.  Noble/G.  E.  Scarrow 
Biological  Technicians 

FWN/GES/pb 


cc:  T.  H.  Pysto 
W.  Wells 
C.  B.  Central  Records 
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3.5     Geology 

The  surface  geology  report  was   presented   in  Quarterly  Data  Report 
£5  and   in   the  Annual    Summary  and  Trends   Report. 


1 1 1-165 


THIS  PAGE  INTENTIONALLY  BLANK 


( 


Hi- 


•*66 


o 
> 

> 

C 

> 


r 


r 


. 


4.0  Data  Automation 

The  environmental  data  base  at  present  is  partially  manual  and  partially 
computerized.  For  purposes  of  analysis,  data  specificity,  data  security,  and 
data  archiving,  the  data  base  is  being  further  computerized.  It  is  the  intent 
that  all  "indicator  variables"  be  entered  into  RAMIS  (Rapid  Access  Management 
Information  System).  Toward  this  end  computer  codes  have  been  designed  for 
all  environmental  station  locations. 

This  section  presents  the  status  of  the  automated  data  base,  station  location 
data,  and  a  cross-reference  list  of  four-digit  computer  codes  and  station 
monitoring  codes. 
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4.1  Automation  Status 

This  section  presents  the  status  of  the  automated  data  base  for  the 
C-b  Tract  environmental  data  on  the  Occidental  Petroleum  Corporation  computer 
system  in  Houston,  Texas. 

RAMIS  II  is  a  computerized  data  base  management  system  (DBMS)  used  by  Occidental 
Oil  Shale,  Inc.,  on  the  C-b  Shale  Oil  Project  via  the  Occidental  Computer  Center 
in  Houston,  Texas.  C-b  Shale  Oil  Tract  environmental  data  are  being  prepared 
and  entered  into  RAMIS  DBMS  as  a  means  of  making  relevant  data  available  for 
subsequent  retrievals  for  use  in  reports  and  impact  analyses.  The  use  of  this 
system  provides  an  economical  way  to  store  and  retrieve  selected  data  in  desired 
formats  for  reports  and  for  input  to  analytic  models  reouirinq  the  data.  Data 
are  also  archived  within  this  system  and  through  magnetic  tapes  containing  the 
source  raw  data. 


The  following  environmental  data  are  entered  into  RAMIS  DBMS  as  of  May  1980 


Wate  r  Qual ity 
Springs  and  Seeps 
Alluvial  Wells 
Upper  Aquifer  Wells 
Lower  Aquifer  Wells 

Well  Water  Levels 
Water  Levels 


October  1974  thru  May  1980 

October  1974  thru  May  1980 

October  1974  thru  May  1980 

October  1974  thru  May  1980 


October  1974  thru  May  1980 


Water  Augmentation  Plan 
Springs  and  Seeps 
Upper  Aquifer  Wells 
Lower  Aquifer  Wei  Is 
Precipitation 


Julv  1979  thru  May  1980 
August  1979  thru  May  1980 
August  1979  thru  Mav  1980 
January  1979  thru  May  1980 


National  Pollutant  Discharge  Elimination  System 
Water  nuality  Data  July  1979  thru  May  1980 

Air  Qual ity 

Small  Trailer  (Station  AB21,  AB22,  AB24,  AD42,  AD56) 

October  1974  thru  May  1980 

Large  Trailer  (Station  AB20) 

October  1974  thru  May  1980 

Large  Trailer  (Station  AB23) 

October  1974  thru  May  1980 
Meteorological  Tower  (Station  AA23) 

October  1974  thru  Mav  1980 


!P 


Biology 
Microclimate  Data 
Deer  Kill 
Deer  Count 


October  1974  thru  November  1979 
October  1977  thru  May  1980 
September  1977  thru  Mav  1980 


The  status  for  the  files  are  shown  graphically  in  Figures  4.1-1    through  4.1-9. 
File  descriptions  for  the  14  files  that  reside  in  the  RAMIS  data  base  are 
showln   in  Tables  4.1-1    through  4.1-14. 

Data   collected  and  analyzed  by  USGS  for  stream  flow  and  stream  water  quality 
are  stored  in  government  computer  data  bases   in  Reston,  Virginia.     These  data 
bases   (WATSTOR)   and   (MAWDEX)   are  accessed  by  dialing  computer  communications 
for  retrievals  of  data  to  the  Occidental   Prand  Junction  computers  for  printing 
and  analyses . 
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FIGURE  4.1-9 
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x  x  x  x  x 

X  X  X  X  X 


III-178 


TABLE  4.1-1 


DESCRIPTION  FOR  RAMIS  FILE  NTRLEV2 
07/01/80 


LIST 


T 

FIELDNAME 

SYNONYM 

1 

LOCATION 

LOC 

2 

YEAR 

YR 

3 

MONTH 

MO 

4 

DAY 

DY 

5 

STATUS 

ST 

6 

GRDLEVEL 

GL 

7 

MEASPTEL 

MP 

8 

DEPTH 

DP 

9 

WTEMP 

TEMP 

10 

PH 

PH 

11 

DISS02 

DO 

12 

SPECCOND 

SPC 

LEVEL  SEGMENT 
LEVEL  TYPE   FACTOR   TYPE  LENGTH 


RP0808:  NUMBER  OF  RECORDS  IN  TABLE 


1 

S 

1 

A 

4 

2 

S 

0 

I 

2 

2 

S 

0 

I 

2 

3 

S 

0 

I 

2 

3 

S 

0 

A 

6 

4 

V 

0 

F 

6.1 

4 

V 

0 

F 

6.1 

5 

S 

0 

F 

7.2 

5 

S 

0 

F 

5.1 

5 

S 

0 

F 

4.1 

5 

S 

0 

F 

5.1 

5 

s 

0 

F 

6.1 

12 

LINES= 

12 

-» 


I  11-179 


TABLE  4.1-2 

DESCRIPTION  FOR  RAM IS  FILE  WTRQUAL 
07/01/80 


LIST 


T 

FIELDNAME 

SYNONYM 

1 

LOCATION 

LOC 

2 

YEAR 

YR 

3 

MONTH 

MO 

4 

DAY 

DY 

5 

ALKALINITY 

ALK 

6 

ALUMINUM 

AL 

7 

ARSENIC 

ARS 

8 

BACTERIA 

BACT 

9 

BARIUM 

BA 

10 

BICARBONATE 

HC03 

11 

BIOOXYDEMD 

BOD 

12 

BORON 

B 

13 

BROMIDE 

BR 

14 

TOTALCOLIF 

TCOLIF 

15 

CADMIUM 

CD 

16 

CALCIUM 

CA 

17 

CARBONATE 

C03 

18 

CHLORIDE 

CL 

19 

CHROMIUM 

CR 

20 

CHEMOXYDEM 

COD 

21 

COPPER 

CU 

22 

DISSOXY 

DO 

23 

DISSORGCARB 

DOC 

24 

LASSURF 

LAS 

25 

FLORIDE 

F 

26 

HARDNESS 

HARD 

27 

IRON 

FE 

28 

KJELDNIT 

KJN 

29 

LEAD 

PB 

30 

LITHIUM 

LI 

31 

MAGNESIUM 

MG 

32 

MANGANESE 

MN 

33 

MERCURY 

HG 

34 

MOLYBDENUM 

MOLY 

35 

NICKEL 

NI 

36 

NITRATE 

N03 

37 

OILGREASE 

OLGR 

38 

S203 

S203 

39 

PH 

PH 

40 

POTASSIUM 

K 

41 

ALPHARADIO 

RA 

42 

EETARADIO 

BTR 

43 

RADIUMRADIO 

RR 

44 

SELENIUM 

SE 

45 

SILVER 

AG 

LEVEL  SEGMENT 

LEVEL 

TYPE   FACTOR   TYPE 

LENGTH 

1 

S        12 

)     A 

4 

2 

S         1 

I 

2 

3 

S         1 

I 

2 

4 

S         1 

I 

2 

4 

S         1 

F 

7.1 

4 

S         J 

F 

6.3 

4 

S         1 

F 

5.3 

4 

S         1 

F 

4.1 

4 

S        J 

F 

5.2 

4 

S        J 

F 

7.1 

4 

S        J 

F 

6.1 

4 

S        J 

L      F 

6.2 

4 

S        J 

F 

6.3 

4 

S        J 

L     F 

7.1 

4 

S        J 

L     F 

6.3 

4 

S        J 

L     F 

6.1 

4 

S         1 

L     F 

6.1 

4 

S        J 

L     F 

7.1 

4 

S        J 

L     F 

6.3 

4 

S         3 

L     F 

7.1 

4 

s      : 

L     F 

6.3 

4 

s      : 

L     F 

4.1 

4 

s      : 

L     F 

5.1 

4 

s       : 

L     F 

6.2 

4 

s       : 

L     F 

6.2 

4 

s       : 

L     F 

7.1 

4 

s       : 

L     F 

5.2 

4 

s       : 

L     F 

5.1 

4 

s 

L     F 

6.3 

4 

s 

L     F 

5.2 

4 

s 

t     F 

5.1 

4 

s 

L     F 

6.3 

4 

s 

1     D 

8.5 

4 

s 

1     F 

6.3 

4 

s 

1     F 

6.3 

4 

s 

1     F 

6.2 

4 

s 

1     F 

5.1 

4 

s 

1     F 

5.1 

4 

s 

1     F 

3.1 

4 

s 

1     F 

5.1 

4 

s 

1     F 

5.1 

4 

s 

1     F 

5.1 

4 

s 

1     F 

5.1 

4 

s 

1     F 

6.3 

4 

s 

i     r 

to  .  O 

II 1-180 


TABLE  4.1-3 


DESCRIPTION  FOR  RAMIS  FILE  WTRQUAL 
07/01/80 


LIST   FIELDNAME 


SYNONYM 


46 

SODIUM 

NA 

47 

SOL I DSD I SS 

TDS 

48 

SOLUSOLIDS 

SOLS 

49 

SPECCOND 

SPC 

50 

STRONTIUM 

SR 

51 

SULFATE 

S04 

52 

TEMP 

TEMP 

53 

ZINC 

ZN 

54 

TOTORGCARB 

TOC 

55 

PHENOLS 

PHEN 

56 

CYANIDE 

CYAN 

57 

AMMONIA 

NH3 

58 

PHOSPHATE 

PHOSAT 

59 

SILICA 

SILIC 

60 

URANIUM 

U 

61 

SUSSOLID 

SUSS 

62 

THORIUM 

TH 

63 

CESIUM 

CS 

64 

IODINE 

I 

65 

ANTIMONY 

SB 

66 

ZIRCONIUM 

ZR 

67 

YTTRIUM 

Y 

68 

RUBIDIUM 

RB 

69 

GERMANIUM 

GE 

70 

GALLIUM 

GA 

71 

TITANIUM 

TI 

72 

SCANDIUM 

SC 

73 

TUNGSTEN 

W 

74 

COBALT 

CO 

75 

VANADIUM 

V 

76 

BERYLLIUM 

BE 

77 

HYDROXIDES 

OH 

78 

CONDHYDCARB 

CH 

79 

PALK 

PA 

80 

MOALK 

MA 

81 

DUMMY 10 

LEVEL 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


LEVEL 
TYPE 

S 

S 

S 

S 

S 

S   % 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 


SEGMENT 
FACTOR 


TYPE  LENGTH 


F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 


7.1 
7.1 
7.1 
7.1 

4.1 

6.1 

4.1 

6.3 

5.1 

6.4 

6.3 

8.3 

6.2 

6.1 

5.3 

7.1 

6.3 

6.3 

6.3 

6.3 

6.3 

5.3 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 

5.3 

5.1 

7.3 

7.1 

7.1 

7.3 


RP0808:  NUMBER  OF  RECORDS  IN  TABLE = 


81   LINES= 


81 


III-181 


TABLE  4.1-4 


DESCRIPTION  FOR  RAMIS  FILE  NPDIS    (NPDES  FILE) 
06/20/80 


LIST 

FIELDNAME 

SYNONYM 

1 

LOCATION 

LOC 

2 

YEAR 

YR 

3 

MONTH 

MO 

4 

DAY 

DY 

5 

FLOW 

FLW 

6 

TOTSUSSOLID 

TSS 

7 

TOTDISSOLID 

TDS 

8 

FLORIDE 

F 

9 

BORON 

B 

10 

AMMONASN 

NH3 

11 

PHENOL 

PHEN 

12 

ALUMINUM 

AL 

13 

IRON 

FE 

14 

OILGREASE 

OG 

15 

PH 

PH 

16 

CADMIUM 

CD 

17 

COPPER 

CU 

18 

MERCURY 

HG 

19 

SILVER 

AG 

20 

ZINC 

ZN 

LEVEL 


LEVEL  SEGMENT 

TYPE   FACTOR   TYPE  LENGTH 


RP0808:  NUMBER  OF  RECORDS  IN  TABLE 


1 

S 

1 

A 

4 

1 

S 

1 

I 

2 

1 

S 

1 

I 

2 

1 

s 

1 

I 

2 

2 

s 

0 

F 

6.1 

2 

s 

0 

F 

6.1 

2 

s 

0 

F 

6.1 

2 

s 

0 

F 

6.2 

2 

s 

0 

F 

6.2 

2 

s 

0 

F 

6.2 

2 

s 

0 

F 

6.3 

2 

s 

0 

F 

6.1 

2 

s 

0 

F 

6.2 

2 

s 

0 

I 

5 

2 

s 

0 

F 

5.2 

2 

s 

0 

F 

6.2 

2 

s 

0 

F 

6.2 

2 

s 

0 

F 

8.5 

2 

s 

0 

F 

6.2 

2 

s 

0 

F 

6.2 

"  s 

20 

LINES= 

20 

f 


III-182 


TABLE  4.1-5 

DESCRIPTION  FOR  RAMIS  FILE  STLAIR    (SMALL  TRAILER  FILE) 
06/20/80 


LIST 

FIELDNAME 

SYNONYM 

1 

TRAILER 

TRL 

2 

YEAR 

YR 

3 

MONTH 

MO 

4 

DAY 

DY 

5 

HOUR 

HR 

6 

SULFDIOX 

S02 

7 

NINDSP30 

WS 

e 

WINDDIR30 

WD 

9 

RELATHUMID 

RH 

10 

TEMINTRL 

TIN 

11 

TEMOUT30 

TOUT 

12 

HYDROGSULF 

H2S 

13 

LINEVOLT 

VOLT 

14 

BARPRESS 

PRES 

15 

WINDSTDDEV 

WSD 

16 

RAINFALL 

RAIN 

LEVEL     SEGMENT 
LEVEL     TYPE       FACTOR       TYPE     LENGTH 


RP0888:    NUMBER  OF  RECORDS   IN  TABLE = 


1 

S 

3 

A 

3 

2 

S 

0 

A 

2 

2 

S 

0 

A 

2 

3 

S 

31 

A 

2 

3 

S 

31 

A 

2 

3 

S 

31 

F 

6.1 

3 

S 

31 

F 

6.1 

3 

S 

31 

F 

6.1 

3 

S 

31 

F 

6.1 

3 

S 

31 

F 

6.1 

3 

S 

31 

F 

6.1 

3 

S 

31 

F 

6.1 

3 

S 

31 

F 

6.1 

3 

S 

31 

F 

6.1 

3 

S 

31 

F 

6.1 

3 

S 

31 

F 

6.1 

16 

LINES= 

16 

III-1&3 


TABLE  4.1-6 


- 


DESCRIPTION  FOR  RAMIS  FILE  LTLAIR  (LARGE  TRAILER  FILE) 
06/20/80 


L  E 

V  E  L 

SEGMENT 

LIST 

FIELDNAME 

SYNONYM 

NAME 

TYPE 

FACTOR 
2 

FORMAT 

1 

TRAILER 

TRL 

1 

S 

A 

3 

2 

YEAR 

YR 

2 

S 

0 

A 

2 

3 

MONTH 

MO 

2 

s 

0 

A 

2 

4 

DAY 

DY 

3 

s 

31 

A 

2 

5 

HOUR 

HR 

3 

s 

31 

A 

2 

6 

NITROGOX 

NOX 

3 

s 

31 

F 

6.1 

7 

NITRICOX 

NO 

3 

s 

31 

F 

6.1 

8 

SULFDIOX 

S02 

3 

s 

31 

F 

6.1 

9 

WINDSP30 

WS 

3 

s 

31 

F 

6.1 

10 

WINDDIR30 

UD 

3 

s 

31 

F 

6.1 

11 

RELATHUMID 

RH 

3 

s 

31 

F 

6.1 

12 

TEMINTRL 

TIN 

3 

s 

31 

F 

6.1 

13 

TEMOUT30 

TOUT 

3 

s 

31 

F 

6.1 

14 

SOLRAD 

SR 

3 

s 

31 

F 

6.1 

15 

HYDROGSULF 

H2S 

3 

s 

31 

F 

6.1 

16 

LINEVOLT 

VOLT 

3 

s 

31 

F 

6.1 

17 

TOTHYDCARB 

THC 

3 

s 

31 

F 

6.1 

18 

METHANE 

CH4 

3 

s 

31 

F 

6.1 

19 

CARBMONOX 

CO 

3 

s 

31 

F 

6.1 

20 

OZONE 

03 

3 

s 

31 

F 

6.1 

21 

BARPRESS 

PRES 

3 

s 

31 

F 

6.1 

22 

NINDSTDDEV 

WSD 

3 

s 

31 

F 

6.1 

23 

RAINFALL 

RAIN 

3 

s 

31 

F 

6.1 

24 

NITROGDIOX 

N02 

3 

s 

31 

F 

6.1 

25 

NONMETHHC 

NMHC 

3 

s 

31 

F 

6.1 

RP0808:  NUMBER  OF 

RECORDS  IN 

TAELE= 

25 

LINES= 

25 

111-18' 


TABLE  4.1-7 

DESCRIPTION  FOR  RAMIS  FILE  METAIR    (METEOROLOGICAL  TOWER   FILE) 
06/20/80 


LIST 

FIELDNAME 

SYNONYM 

1 

TOWER 

TOW 

2 

YEPR 

YR 

3 

MONTH 

MO 

4 

DAY 

DY 

5 

HOUR 

HR 

6 

WINDSP8 

WS1 

7 

WINDDIR8 

WD1 

8 

RELHUMD8 

RH1 

9 

TEMP8 

TMP1 

10 

WINDSP30 

WS2 

11 

WINDDIR30 

WD2 

12 

RELHUM30 

RH2 

13 

TEMP30 

TMP2 

14 

NINDSP100 

WS3 

15 

WINDDIR100 

WD3 

16 

RELHUM100 

RH3 

17 

TEMP100 

TMP3 

18 

WINDSP200 

WS4 

19 

WINDDIR200 

WD4 

20 

RELHUM200 

RH4 

21 

TEMP200 

TMP4 

22 

DELTTEMPl 

DTI 

23 

DELTTEMP2 

DT2 

24 

BIVWS30 

BWS1 

25 

HORWD30 

HWD1 

26 

VERTWD30 

VWD1 

27 

BIVWS100 

BWS2 

28 

HORWD100 

HWD2 

29 

VERTWD100 

VWD2 

30 

BIVWS200 

BWS3 

31 

HORWD200 

HWD3 

32 

VERTWD200 

VWD3 

33 

WINDSD8 

WD  VI 

34 

WINDSD30 

WDV2 

35 

WINDSD100 

WDV3 

36 

WINDSD200 

WDV4 

37 

HWINDSD30 

HSD1 

38 

VWINDSD30 

VSD1 

39 

HWINDSD100 

HSD2 

40 

VWINDSD100 

VSD2 

41 

HWINDSD200 

HSD3 

42 

VWINDSD200 

VSD3 

RP0808:    NUMBER  OF  RECORDS   IN  TABLE 


L  E 

V  E  L 

SEGMENT 

NAME 

TYPE 

FACTOR 

FORMAT 

1 

S 

1 

A 

3 

2 

S 

0 

A 

2 

2 

S 

0 

A 

2 

3 

s 

31 

A 

2 

3 

S 

31 

A 

2 

3 

S 

31 

F 

6.1 

3 

S 

31 

F 

6.1 

3 

S 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

42 

LINES* 

4i 

p 

111-1*3 


TABLE  4.1-8 


DESCRIPTION  FOR  RAMIS  FILE  MRIDATA 
06/20/80 


LIST 

FIELDNAME 

SYNONYM 

1 

STATION 

ST 

2 

YEAR 

YR 

3 

MONTH 

MO 

4 

DAY 

DY 

5 

HOUR 

HR 

6 

WINDSPEED 

WS 

7 

WINDDIR 

WD 

8 

TEMPERATURE 

TEMP 

LEVEL  SEGMENT 
LEVEL  TYPE   FACTOR   TYPE  LENGTH 


RP0808:  NUMBER  OF  RECORDS  IN  TABLE 


1 

S 

4 

A 

4 

2 

S 

0 

A 

2 

2 

s 

0 

A 

2 

3 

s 

31 

A 

2 

3 

s 

31 

A 

2 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

3 

s 

31 

F 

6.1 

8 

LINES= 

8 

Ill-lob 


* 


TABLE  4.1-9 


DESCRIPTION  FOR  RAMIS  FILE  PARTIC 
06/20/80 


LEVEL  SEGMENT 


LIST 

FIELDNAME 

SYNONYM 

LEVEL 

TYPE 

FACTOR 

TYPE 
A 

LENGTH 

1 

TRAILER 

TRL 

1 

S 

4 

4 

2 

YEAR 

YR 

2 

S 

0 

I 

2 

3 

MONTH 

MO 

2 

S 

0 

I 

2 

4 

DAY 

DY 

3 

S 

31 

I 

2 

5 

PARTICULATE 

PART 

3 

s 

31 

F 

6.1 

RP0808:  NUMBER  OF  RECORDS  IN  TABLE ■ 


5  LINES= 


<* 


III-167 


\ 


TABLE  4.1-10 


DESCRIPTION  FOR  RAMIS  FILE  ACRADAR 
06/20/80 


LIST 

FIELDNAME 

SYNONYM 

1 

TRAILER 

TRL 

2 

YEAR 

YR 

3 

MOMTH 

MO 

4 

DAY 

DY 

5 

HOUR 

HR 

6 

MIXHGT 

MIX 

7 

STBCLS1 

STB1 

8 

INVERHGT 

INV 

9 

STBCLS2 

STB2 

RP0808:  NUMBER  OF  RECORDS  IN  TABLE = 


L  E  V  E 

L 

SEGMENT 

NAME  TYPE 

FACTOR 

FORMAT 

1    S 

1 

A 

4 

2    S 

0 

A 

2 

2    S 

0 

A 

2 

3    S 

31 

A 

2 

3    S 

31 

A 

2 

3    S 

31 

F 

6.1 

3    S 

31 

F 

6.1 

3    S 

31 

F 

6.1 

3    S 

31 

F 

6.1 

9 

LINES' 

9 

III-188 


* 


TABLE  4.1-11 

DESCRIPTION  FOR  RAMIS  FILE  MICRO 
07/01/80 


LIST   FIELDNAME 


SYNONYM 


1 

STATION 

ST 

2 

YEAR 

YR 

3 

MONTH 

MO 

4 

DAY 

DY 

5 

STATID 

SID 

6 

TEMPMX1M 

TPMX 

7 

TEMPMN1M 

TPMN 

8 

SRFTPMAX 

STPMX 

9 

SRFTPMIN 

STPMN 

10 

PRECIP 

PR 

11 

SNODPTH 

SD 

12 

SNOMOIST 

SM 

LEVEL  SEGMENT 
LEVEL  TYPE   FACTOR   TYPE  LENGTH 


RP0S03:  NUMBER  OF  RECORDS  IN  TABLE = 


1 

S 

2 

A 

4 

2 

S 

0 

I 

2 

3 

S 

0 

I 

2 

4 

s 

0 

I 

2 

5 

s 

0 

A 

2 

5 

s 

0 

F 

5.1 

5 

s 

0 

F 

5.1 

5 

s 

0 

F 

5.1 

5 

s 

0 

F 

5.1 

5 

s 

0 

F 

5.2 

5 

s 

0 

F 

4.1 

5 

s 

0 

F 

4.1 

12 

LINES= 

12 

III-169 


TABLE  4.1-12 


DESCRIPTION  FOR  RAMIS  FILE  DEERCOUNT 
06/20/80 


LIST 

FIELDNAME 

SYNONYM 

1 

LOCATION 

LOC 

2 

YEAR 

YR 

3 

MONTH 

MO 

4 

DAY 

DY 

5 

WEATHER 

WTHR 

6 

COUNT 

CNT 

LEVEL 
NAME  TYPE 


1 
2 
2 
3 
3 
3 


S 
S 
S 
S 
S 
S 


SEGMENT 
FACTOR 


FORMAT 


A 
I 
I 
I 
A 
I 


4 

2 

2 

2 

20 

6 


RP0808:  NUMBER  OF  RECORDS  IN  TABLE' 


6  LINES= 


III-190 


» 


TABLE  4.1-13 


DESCRIPTION  FOR  RAMIS  FILE  DEERKILL 
06/20/80 


LIST 

FIELDNAME 

SYNONYM 

1 

LOCATION 

LOC 

2 

YEAR 

YR 

3 

MONTH 

MO 

4 

DAY 

DY 

5 

WEATHER 

WTHR 

6 

TRAFFIC 

TRF 

7 

COUNT 

CIST 

8 

AGE 

A 

9 

SEX 

S 

L  E  V  E 

L 

SEGMENT 

NAME  TYPE 

FACTOR 

FORMAT 

1          S 

A       4 

2         S 

I       2 

2         S 

I       2 

3         S 

I       2 

3         S 

A       20 

3         S 

I       5 

3         S 

I       6 

3         S 

A       10 

3         S 

A       2 
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TABLE  4.1-14 


DESCRIPTION  FOR  RAMIS  FILE  TRAFFIC 
06/20/80 


LIST 

FIELDNAME 

SYNONYM 

1 

STATION 

ST 

2 

YEAR 

YR 

3 

MONTH 

MO 

4 

DAY 

DY 

5 

HOUR 

HR 

6 

INTRAF 

IT 

7 

OUTRAF 

OT 

LEVEL     SEGMENT 

NAME  TYPE  FACTOR   FORMAT 


1 
2 
2 
3 
3 
3 
3 


S 
S 
S 
S 
S 
S 
S 


4 

2 
2 
2 
2 
5 
5 
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4.2     Station  Computer  Code 

Four-digit  computer  codes  have  been  designated  for  monitoring  stations 
to  be  used  with  a  computerized  data   base  management  system   (RAMIS).     A  major 
portion  of  the  raw  data  collected  at  the  C-b  Tract  is  retained   in  RAMIS.     Once 
entered  the  data  can  be  retrieved  for  reporting  and/or  statistical   analysis.     The 
codes  reduce  storage  space  and  provide  a  systematic  identification  to  access 
station  data  sets.     The  code  consists  of  two  letters  followed  by  two  numbers: 


AB23 


-*-  Station  Number 


_>,  Study  or  Category 

(Example:  air  quality  trailer) 


_^  Program  area 
Examples: 


- 


air 

noise 

water 

biology 

photograph 


The  codes  are  presented  in  Table  4.2-1  for  the  environmental  program  along  with 
the  current  station  designations.  An  attempt  has  been  made  throughout  this 
report  to  refer  to  all  stations  in  terms  of  their  four-digit  codes. 


W 
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TABLE  4.2-1 


COMPUTER  CODE  AND  STATION  I.D.  CROSS-REFERENCE 
Air  Quality  &  Meteorology 


Station  Designation 

Computer  Code 

Met.  Tower: 

@  Sta. 

023 

AA23 

Trailers: 

020 

AB20 

021 

AB21 

022 

AB22 

023 

AB23 

024 

AB24 

Acoustic  Radar 

Sta. 

020 

AC20 

021 

AC21 

023 

AC23 

MRI  and  Particulates     Sta. 

031 

AD31 

032 

AD32 

033 

AD33 

041 

AD41 

042 

AD42 

043 

AD43 

044 

AD44 

056 

A056 

II    Biology 


Program 

Deer  Days  Use 


General  Location 


Between  Hunter  Cr.  &  Jimmy  Gulch 


North  Side,  Piceance  Creek 


South  Side,  Piceance  Creek 

On  Tract  Between  Cottonwooa  &  Scandard 


On  Tract  Between  Cottonwood  &  Sorghum 


On  Tract  Between  Sorghum  &  W.  Fork 
Stewart 

On  Tract  Between  W.  &.  M.  Fork  Stewart 

On  Tract  Between  Willow  &  Scandard 

North  End 
On  Tract  Between  Willow  &  Scandard  S.E. 
On  Tract  Between  Cottonwooa  &  Sorghum 

North 
On  Tract  Between  Cottonwood  &  Sorghum 

South 

♦ANALYSIS  CODES: 

PJ-CH-C  -  PTiTyon  Juniper,  Chained,  Control  Station  (12) 

PJ   -C  -  Pinyon  Juniper,  Control  Station  (  6) 

PJ-CH-D  -  Pinyon  Juniper,  Chained,  Development  Station  (  3) 

PJ   -D  -  Pinyon  Juniper,  Development  Station  (  6) 


Computer 

♦Analysis 

Code 

Code 

BA01   - 

PJ-CH-C 

BA02   - 

PJ-CH-C 

BA03   - 

PJ-CH-C 

BA04 

PJ-CH-C 

BA05   - 

PJ-CH-C 

BA06 

PJ-CH-C 

BA07   - 

PJ-CH-C 

BAOS   - 

PJ-CH-C 

BA09   - 

PJ-CH-C 

BAIO   - 

PJ   -D 

BA11   - 

PJ   -D 

BA12   - 

PJ   -D 

BA13   - 

PJ   -C 

BA14   - 

PJ   -C 

BA15   - 

PJ   -C 

BA16   - 

PJ   -D 

BA17 

PJ-CH-C 

BA1S   - 

PJ-CH-C 

BA19 

PJ   -C 

BA20   - 

PJ-CH-D 

BA21 

PJ-CH-D 

BA22   - 

PJ   -D 

BA23   - 

PJ-CH-D 

BA24 

PJ 

BA25   - 

PJ-CH-C 

BA26 

PJ   -C 

BA27 

PJ   -C 

BA2S   - 

PJ-CH-C 

BA29 

PJ-CH-C 

BA30   - 

PJ-CH-C 

BA31 


PJ-CH-C 
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TABLE  4.2-1  (Continued) 


Biology  (Cont'd) 

Programs:  Deer  Distribution  &  Migration  and  Road  Kills 


Mile 

Location 

Comp 

uter  Code 

Marker 

North  &  East  of 
Piceance  Creek  Road 

Meadows;  South  &  west 
of  Piceance  Creek  Road 

41 

White  River  City 

BN41 

BM41 

40 

Piceance  Bridge 

BN40 

BM40 

39 

Lower  Canyon 

BN39 

BM39 

38 

Piceance  Canyon 

B!>38 

BM38 

37 

Yel low  Creek 

BN37 

BM37 

36 

Stinking  Springs 

BN36 

BM36 

35 

Old  Bridge 

BN35 

BM35 

34 

Little  Hills  Turnoff 

BN34 

BM34 

33 

Old  Corrals  &  Bui ldinas 

BN33 

BM33 

32 

Burk  Ranch 

BN32 

BM32 

31 

Ranch 

BM31 

BM31 

30 

BN30 

BM30 

29 

BN29 

BM29 

28 

Bureau  of  Mines 

BN2S 

BM28 

27 

Ryan  Gulch 

BN27 

BM27 

26 

Pump  Station 

BN26 

BM26 

25 

BN25 

BM25 

24 

Rock  School 

BN24 

BM24 

23 

AQ  021 

BN23 

BMZ3 

22 

Pat  Johnson's  Ranch 

BN22 

BM22 

21 

Hunter  Creek 

BN21 

BM21 

20 

PL  Gate 

BK20 

BM20 

19 

AQ  020 

BN19 

BM19 

18 

Sorgnum,  Cottonwood 

BN18 

BM18 

17 

Stewart  Gulcn  Rd. 

BN17 

BM17 

16 

AQ  Trailer  022 

BN16 

BM16 

15 

Oldland's  Ranch 

BN15 

BM15 

14 

Old  1  and ' s  Ranch 

BN14 

BH14 

13 

Pond  and  Cabin 

BN13 

BM13 

12 

Sprague  Gulch 

BN12 

BM12 

11 

Cascade  Gulch 

BN11 

BM11 

10 

13  Mile  Gulch 

BN10 

BM10 

9 

14  Mile  Gulch 

BN09 

BM09 

8 

Schutte  Gulch 

BN08 

BM08 

7 

Robinson's  Rancn 

BN07 

BM07 

6 

BIJ06 

BM06 

5 

2  Old  Cabins  (35  MPH  Curve) 

BN05 

BM05 

4 

McCarthy  Gulcn 

BN04 

BM04 

3 

Cow  CreeK 

BN03 

BM03 

2 

Mahogany  Outcropping 

BN02 

BM02 

1 

Woodward  Ranch 

BN01 

BM01 

0 

Rio  Blanco  Store 

BN00 

BMOO 
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TABLE  4.2-1  (Continued) 


Biology  (Cont'd) 

Programs 

Deer  Mortality 


General  Location 
North  Side  of  Piceance  Creek 


South  Side  of  Piceance  Creek 


Deer  Age  Class 
Coyotte  Abundance 

Lagomorph  Abundance 
Small  Mammals 


General  Area  of  Tract 

8  Transects  for  Total  for  30  miles 
15  mi  seg.  near  Hunter  (Control) 
15  mi  seg.  on  &  South  of  Tract 
(Development) 


Computer  Code 

BD01 
BD02 
BD03 
BD04 
BD05 
BD06 
BD07 
BD08 
BD09 
BD10 

BE01 


BF01 

BF02  thru  BFOS 


Identical  Locations  to  deer  use  days   BA01  to  BA31 


Piceance  Creek  (Development) 

On-Tract-west 

Piceance  Creek  (Control) 

On-Tract-east 

Sprinkler  Area  Section  B 


Avifauna 

Songbirds    and  Gamebirds     N.W.   of  Tract-near  Jimmy  PJ-CH-C 

On-Tract-Scandard  PJ-     -D 

On-Tract-Cottonwood  PJ-CH-D 
S.   of  Tract-Between 

W&N   Fork   Stewart  PJ-        C 


Raptors 


Aquatic  Ecology 
Benthos 


Periphyton 


Water  Quality 

Vegetation 

Community  Structure 


BG01 
BG02 
BG03 
BG04 
BG05 


BH01 
BH02 
BH03 

BH04 

BI01 


WU07 
WU58 
WU61 

WP01 
WP02 
WP03 


WU61 


Herb  Productivity 
and  Utilization 


Shrub  Productivity 
and  Utilization 

General  Condition 

*  Fenced  (3' ) 
**  Open 
***  Fenced  (4'  ) 


The  entire  Tract  and  surrounding 
study  areas. 


USGS  09306007  (Control) 
USGS  09306058  (Development) 
USGS  09306061  (Development) 

Piceance  Creek  Upstream  (Control' 

Piceance  Creek  Downstream 
(Development) 

USGS  09306061  (Development) 


Plots 

Chained  pinyon  juniper  (1978)(0ev) 

Chained  pinyon  juniper  (1978) (Cont) 

Upland  sagebrush  (1980)(Cont) 

Bottomland  sagebrush  (1980) (Cont) 

Pinyon  junioer  woodland  (1979)(Dev) 

Pinyon  juniper  woodland  (1979) (Cont) 


Identical  locations  to  community 

structure  BJ01  thru  3J26 

Plus 

60  range  cages  in  random  locations  BK01  thru  BK60 

10  cages  on  S.  facing  PJ  for  baseline  BK61  thru  3K70 

20  cages  for  fertilization  assessment  BK71  thru  BK90 


Same  stations  as  Deer  Days  Use  Study   BA01  thru  BA31 
By  aircraft  over  entire  Tract  area     Not  in  compute"" 


* 

** 

*** 

BJ01 

BJ11 

BJ21 

BJ02 

BJ12 

BJ22 

BJ03 

BJ13 

BJ23 

BJ04 

BJ14 

BJ24 

BJ05 

BJ15 

BJ25 

BJ06 

BJ16 

BJ26 
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TABLE  4.2-1  (Continued) 


Biology  (Cont'd) 

Program 

Micro  CI imate 


Traffic  Count 


III  Noise 


Traffic  Noise 


IV   Photography 


General  Location 

Computer  Code 

MC  Sta.  1 

BC01 

2 

BC02 

3 

BC03 

4 

BC04 

5 

BC05 

6 

BC06 

7 

BC07 

8 

BC08 

9 

BC09 

13 

BC13 

Rio  Blanco  Store 

BT01 

Cattle  Guard 

BT02 

Rio  Blanco  Lake 

BT03 

Station  Designation 

Computer  Code 

Sta.  II 

NA02 

IX 

NA09 

XV 

NB15 

PI 

PA01 

P2 

PA02 

P3 

PA03 

P4 

PA04 

P5 

PA05 

P6 

PA06 

P7 

PA07 

P8 

PA08 

P9 

PA09 

P10 

PA10 

Pll 

PA11 

P12 

PA12 

P13 

PA13 

P14 

PAH 

P15 

PA15 

P16 

PA16 

P17 

PA17 

P18 

PA13 

P19 

PA19 

P20 

PA20 

P21 

PA21 

P22 

PA22 

P23 

PA23 

P24 

PA24 

P25 

PA25 

P26 

PA26 

P27 

PA27 

P28 

PA2S 

P29 

PA29 

P30 

PA30 

P31 

PA31 

P32 

PA32 

P33 

PA33 

P34 

PA34 

P35 

PA35 

' 
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TABLE  4.2-1    (Continued; 

Water 

Program 

U.S.G.S.   Stream 
Gauging  Station 


Alluvial   Wells 


Springs   and  Seeps 


Precipitation 


Station  Desiqnation 

Computer  Code 

09304800 

WU48 

09306007 

WU07 

09306036 

WU36 

09306039 

WU39 

09306042 

WU42 

09306061 

WU61 

09306050 

WU50 

09306052 

WU52 

09306058 

WU58 

09306033 

WU33 

09306025 

WU25 

09306015 

WU15 

09306028 

WU28 

09306022 

WU22 

09306200 

WUOO 

09306222 

WU62 

09306255 

WU55 

A-l 

WA01 

A- 2 

WA02 

A- 3 

WA03 

A- 4 

WA04 

A- 5 

WA05 

A-5A 

WA55 

A-6 

WA06 

A- 7 

WA07 

A-8 

WA08 

A- 9 

WA09 

A- 10 

WA10 

A-ll 

WA11 

A- 12 

WA12 

A-13 

WA13 

CB  S-l 

WS01 

CB  S-2 

WS02 

CB  S-3 

WS03 

CB  S-4 

WS04 

CB  S-6 

WS06 

CB  S-7 

WS07 

CB  S-8 

WS08 

CB  S-9 

WS09 

CB  S-10  (W-3) 

WS10  (WS34) 

CB  Seep  A 

WS11 

CER-1 

WS21 

B-3 

WS22 

H-3 

WS23 

F-3 

WS24 

Figure  4-A 

WS25 

W-4 

WS26 

W-9 

WS27 

CER-7 

WS28 

S-9 

WS29 

P3  &  P3A 

WS30 

CER-6 

WS31 

W-2  (S-9) 

WS32 

S-2 

WW33 

W-3  (CB  S-10) 

WS34  (WS10) 

Figure  4 

WS35 

S-ll  (S-101) 

WS36 

CB-020 

AB20 

CB-023 

AB23 

LH 

WR01 

M 

WR02 

SG 

WR03 

CG 

WR04 

JQS 

WR05 

EFPC 

WR06 

EMFPC 

WR07 
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TABLE  4.2-1  (continued) 


Water  (cont'd) 
Upper  Aquifer  Wells 

Before  Recompletions 
Station  Code 


After  Recompletions 
Station  Code 


CB-2 

CB-4 

SG-10A 

SG-1A 

SG-1-2 

SG-17-2 

SG-18A 

SG-19 

SG-20 

SG-21 

AT-1C-3 

SG-11-3 

SG-6-3 

SG-8-2 

SG-9-2 

32X-12 

33X-1 

41X-1 

TH75-5A 

TH75-13A 

TH75-18A 

TH75-9A 

CER  RB-D-02 

TH75-15A 

UNION  8-1 

COLONY  12-596 

TH-5 

Lower  Aquifer  Wells 


WX02 
WX04 
WX10 
WX11 
WX12 
WX17 
WX18 
WX19 
WX20 
WX21 
WX44 
WX55 
WX63 
WX82 
WX92 
WX32 
WX33 
WX41 
WX64 
WX65 
WX67 
WX69 
WX71 
WX72 
WX73 
WX74 
WX75 


SG-10A-1 
SG-10A-2 


WE10 
WD10 


Before  Recompletions 


> 


Station 

CB-1 

CB-3 

SG-10 

SG-1-1 

SG-17-1 

AT-1C-1 

AT-1C-2 

SG-11-1 

SG-11-2 

SG-6-1 

SG-6-2 

.-SG-8 

SG-9-1- 

AT-1 

TH75-5B 

TH75-13B 

EQUITY-1 

TH75-18B 

TH75-10B 

TH75-9B 

EQUITY-SULFUR-1A 

CER  RB-D-03 

TH75-15B 

TG71-3 

TG71-5 

GETTY  9-40 

TG71-4 

EQUITY  BS-13 


Code 

WY01 
WY03 
WY09 
WY12 
WY18 
WY45 
WY46 
WY51 
WY54 
WY61 
WY62 
WY80 
WY91 
WY44 
WY64 
WY65 
WY66 
WY67 
WY68 
WY69 
WY70 
WY71 
WY72 
WY75 
WY76 
WY77 
WY78 
WY79 


After  Recompletions 
Station  Cods 


SG-10R 
SG-17-1R 

SG-11-1R 
SG-8R 


WG10 
WY17 

WY52 
WY81 
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TABLE  4.2-1  (Continued) 


Water  (cont'd) 


Station 


Code 


Composite  Wells: 


Seepage  Monitoring  Wells: 


Ponds: 


Shafts: 


GREENO  404 

WV01 

OLDLAND  3 

WV02 

6P-17X-BG 

WV03 

BUTE  25 

WV04 

LIBERTY  BELL  12 

WV05 

31X-12 

WW12 

41X-13-2 

WW  13 

POND  A 

WN01 

POND  B 

WN02 

POND  C 

WN03 

POND  A  SPRINGS 

WN11 

POND  B  SPRINGS 

WN12 

POND  C  SPRINGS 

WN13 

POND  A  INLET 

WN21 

POND  B  INLET 

WN22 

POND  C  INLET 

WN23 

POND  A-B  CROSSOVER 

WN31 

POND  B  OUTLET 

WN32 

POND  C  OUTLET 

WN33 

BACKWASH  POND 

WN04 

BACKWASH  POND  SPRINGS 

WN14 

BACKWASH  POND  INLET 

WN24 

BACKWASH  POND  OUTLET 

WN34 

POND  A-B  DISCHARGE 

WN40 

V/E  SHAFT  PROBE  HOLES 

WZ01 

SERVICE  SHAFT  PROBE  HOLES 

WZ02 

PRODUCTION  SHAFT  PROBE  HOLES 

WZ03 

V/E  SHAFT  WATER  RING 

WZ11 

SERVICE  SHAFT  WATER  RING 

WZ12 

PRODUCTION  SHAFT  WATER  RING 

WZ13 

V/E  SHAFT  SUMP 

WZ21 

SERVICE  SHAFT  SUMP 

WZ22 

PRODUCTION  SHAFT  SUMP 

WZ23 

V/E  SHAFT 

WZ31 

PRODUCTION  SHAFT 

WZ33 

SHAFT  GROUT  HOLE 

WZ41 
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4.3     Station  Coordinates 

Environmental  monitoring  station  coordinates  have  been  specified 
by  latitude  and  longitude  and  by  township  and  range  during  this  report  period. 
The  above  information  plus  ground  level  elevations  (taken  from  section  topo- 
logy maps)  for  each  station  are  presented  in  Table  4.3-1.  Corrected  Colorado" 
coordinate  system  coordinates  have  been  calculated  and  are  presented  in  this 
report.  In  cases  where  stations  represent  biological  transects  several  meters 
in  length,  the  coordinates  reported  are  those  of  a  point  on  the  map  near  the 
station  label.  A  jacket  map  of  the  Tract  area  (Figure  4.3-1)  showing  all 
monitoring  stations  on  and  near  Tract  C-b  has  also  been  prepared;  stations  are 
designated  by  their  four-digit  computer  station  codes. 


"> 


III-201 


TABLE  4.3-1 

ENVIRONMENTAL  DATA  COLLECTION  STATION  COORDINATES 


STATION     LATITUDE  &        TOWNSHIP  &  STATE 

CODE      LONGITUDE  RANGE  COORDINATES*  ELEVATION 


I.  AIR  QUALITY  AND  METEOROLOGY 


AA23 

39° 
108° 

47' 
12' 

43" 
57" 

T3S  R96W  Sec   18 
nwu,  nvih,  HW-z 

N 
E   1 

180,000 
,237,045 

6950' 

AB20 

39° 
108° 

50' 
13' 

10" 
08" 

T2S  R97W  Sec  36 
NE^,   SE*,,   HEh 

N 

E  ' 

194,845 
1,236,605 

6280' 

*AB23 

39° 
108° 

47' 
12' 

44"* 
54" 

T3S  R96W  Sec   18 
MEU,   NVfis,   NVh 

N 
E 

180,000 
1,237,234 

6950' 

AB24 

* 

39° 
108° 

48' 
12' 

49" 
21" 

T3S  R96W  Sec  6 
NE?4,   SW!4,   SE^s 

N 
E 

186,542 
1,240,000 

6750' 

AC20 

39° 
108° 

50' 
13' 

08" 
06" 

T2S   R97W  Sec  36 
HEh,   SEJj,   HEk 

N 
E 

194,594 
1,236,794 

6310' 

AD42 

39° 
108° 

48' 
13' 

58" 
08" 

T3S  R97W  Sec  1 
SE!«,   NE»i,   SE'a 

N 
E 

187,548 
1,236,417 

6720' 

AD56* 

* 

39° 
108° 

49' 
12' 

31" 
23"* 

T3S  R96W  Sec  6 
UBi,   NW-'a,   NE*s 

N 
E 

190,760 
1,240,005- 

6380' 

II.      BIOLOGY 

*BA01 

39o 

50' 

15"* 

T2S  R97W  Sec  34 

N 

195,788 

6480' 

* 

108° 

16' 

12"* 

SWe,   NEU,   tMh 

E 

1,222,268 

*BA02 

39o 

50' 

3"* 

T2S  R97W  Sec   34 

N 

194,594 

6500' 

* 

108° 

16' 

4"* 

SE'„,  SVfis,  mh 

E 

1,222,079 

BA03 

39o 

49' 

32" 

T3S  R97W  Sec  3 

N 

191,388 

6640' 

108° 

16' 

5" 

NE**,  NE'a,  NfcRa 

E 

1,222,708 

BA04 

39° 

49' 

12" 

T3S  R97W  Sec   3 

N 

189,371 

6600' 

108° 

15' 

46" 

NE%,   m-ih,   SEh 

E 

1,224,091 

BA05 

39o 

48' 

39" 

T3S  R97W  Sec  3 

N 

186,039 

6720' 

108° 

16' 

14" 

SUh,   S£h,   SUk 

E 

1,221,828 

BA06 

39o 

48' 

19" 

T3S  R97U  Sec   10 

N 

184,028 

6780' 

108° 

16' 

19" 

SE%,   SW'-u,   NW4 

E 

1,221,388 

BA07 

39° 

47' 

49" 

T3S  R97W  Sec   10 

N 

181,074 

6860' 

108° 

16' 

28" 

NW>«,   Site,   SW'a 

E 

1,220,571 

BA08 

39o 

47' 

33" 

T3S  R97W  Sec   16 

N 

179,497 

6860' 

108° 

16' 

38" 

NE'i,   SEU,   li£k 

E 

1,218,748 

BA09 

39° 

47' 

9" 

T3S  R97W  Sec  16 

N 

177,108 

6940' 

108° 

16' 

49" 

SE1*,   NW1,,   SE'a 

E 

1,218,805 

BAIO 

39° 

50' 

48" 

T2S  R97W  Sec  25 

N 

198,868 

6600' 

108° 

14' 

20" 

SWi,   SWia,   NW, 

E 

1,231,137 

BAH 

39o 

50' 

46" 

T2S  R97W  Sec  25 

N 

198,554 

6580' 

108° 

13' 

42" 

SE1*,   NE^,   Svlk 

E 

1,234,091 
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ENVIRONMENTAL  DATA  COLLECTION  STATION  COORDINATES 


STATION 
CODE 

LATITUDE  & 
LONGITUDE 

TOWNSHIP  & 
RANGE 

STATE 
COORDINATES* 

ELEVATIOf 

BA12 

39° 
108° 

50' 
13' 

29" 
8" 

T2S  R97W  Sec   25 
SE'a,   SE'a,   SE'a 

N       196,731 
E  1,236,668 

6600' 

BA13 

39° 
108° 

49' 
12' 

52" 
5" 

T2S  R96W  Sec  31 
SE'a,   NE'a,   SE'< 

N       192,834 
E   1,241,451 

6600' 

BA14 

39° 
108° 

49' 
10' 

52" 
55" 

T2S  R96W  Sec  33 
SW'a,   NWa,   SW'a 

N       192,645 
E  1,246,920 

6700' 

BA15 

39n 
108° 

49' 
10' 

46" 
30" 

T2S  R96W  Sec  33 
NWa,   SE'a,   SW'a 

N       152,079 

E  1  ,243, C68 

6600' 

BAl6 

39n 
108° 

49' 
14' 

56" 
9" 

T2S  R97W  Sec  36 

nw%,  NWa,  SW'a 

f.       193,525 
E  1,231  ,828 

6500' 

BA17 

39° 
108° 

48' 
14' 

32" 

38" 

T3S  R97W  Sec  11 
SW'a,   NWa,   NE'a 

N       185,097 
E  1,229,308 

6680' 

BA18 

39° 
108° 

47' 
14' 

49" 
25'" 

T3S  R97W  Sec  14 
NWa,  NE'a,   NE'a 

N       180,760 
E   1,230,131 

6820' 

BA19 

39° 
108° 

47' 
14' 

56" 
2" 

T3S  R97W  Sec   12 
NE'a,   SW'a,   SW'a 

N       181,451 
E  1,232,017 

6680' 

BA20 

39° 
108° 

48' 
12' 

0" 
32" 

T3S  R96W  Sec  7 

SE'a,   SE'a,   NWa 

N       182,142 
E  1,238,554 

6860' 

BA21 

39° 
108° 

4    ' 
12' 

6" 
33" 

T3S  R96W  Sec  7 
NE'a,   SE'a,   SW'a 

N       181,640 
E  1,239,057 

6820' 

BA22 

39° 
108° 

47' 
12' 

4" 
5" 

T3S  R96W  Sec  18 
SE'a,   NE'a,  SW'a 

"N       176,165 
E  1,238,742 

6860' 

BA23 

39° 
108° 

48' 

12' 

51" 

T3S  R96W  Sec  7 
NE'a,  SE^s,   SE'4 

N       181,954 
E  1,241,137 

6840' 

BA24 

39° 
108° 

48' 
IT 

51" 
51" 

T3S  R96W  Sec  5 
NE'a,   SW'-a,  SW'a 

N       186,668 
E  1,242,398 

6640' 

BA25 

39° 
108° 

47' 
IT 

16" 
46" 

T3S,   R96W  Sec  17 
NWa,  NE'a,   SW'a 

N       177,045 
E  1,242,457 

7000' 

BA26 

39° 
108° 

48' 

10' 

8" 
52" 

T3S  R96W  Sec  9 
NWa,   NWa,   SW'a 

N       182,142 
E  1,246,857 

6840' 

BA27 

39n 

108° 

47' 
IT 

4" 
13" 

T3S  R96W  Sec  16 
NW'a,   SW'a,   SW'a 

N       175,725 
E  1,245,034 

7020' 

BA28 

39° 
108° 

48' 
14' 

28" 
29" 

T3S  R97U  Sec  11 
SE'a,   NW'a,   NE'a 

N       184,657 
E  1,230,000 

6680' 

BA29a 

39° 
108° 

47' 
14' 

43" 
16" 

T3S  R97W  Sec  14 

NE'a,   NE'a,   NE'a 

N       180,068 
E  1,230,885 

6860' 

BA29b 

39° 
108° 

47' 
14' 

38" 
23" 

T3S  R97W  Sec  14 
SW'a,   NE'a,   NE'a 

N       179,622 
E  1,230,320 

6900' 

BA30 

39° 
108° 

48' 
12' 

49" 
35" 

T3S  R96W  Sec  6 
NEJa,   SE'a,   SW'4 

N       186,542 
E  1,238,931 

6720' 

•; 
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ENVIRONMENTAL  DATA  COLLECTION  STATION  COORDINATES 


STATION 
CODE 

LATITUDE  & 
LONGITUDE 

TOWNSHIP  & 
RANGE 

STATE 
COORDINATES* 

ELEVATION 

BA31 

39° 
108° 

48' 
12' 

23" 
40" 

T3S  R96W  Sec  7 
NEU,  SEU,  NWU 

N   183,965 
E  1,238,491 

6820' 

BC01 

39° 
108° 

47' 
IT 

56" 
58" 

T3S  R97W  Sec  8 
NWU,  SWU,  SWU 

N   181,137 
E  1,241,640 

6860' 

BC02 

39° 
108° 

47' 
14' 

48" 
22" 

T3S  R97W  Sec  11 
SWU,  SEU,  SEU 

N   180,634 
E  1,230,382 

6860' 

BC03 

39° 
108° 

46' 
12' 

57" 
1" 

T3S  R96W  Sec  17 
SWU,  SWU,  SWU 

N   175.097 
E  1,241,262 

7100' 

BC04 

39° 
108° 

47' 
13' 

28" 
32" 

T3S  R97W  Sec  13 
NWU,  SWU,  NEU 

N   178,491 
E  1,234,217 

6700' 

BC05 

39° 
108° 

48' 
IT 

3" 

58" 

T3S  R96W  Sec  8 
SEU,  NWU,  SWU 

N   181,765 
E  1,241,702 

6840' 

BC06 

39° 
108° 

47' 
10' 

54" 

44" 

T3S  R96W  Sec  9 
SEU,  SWU,  SWJj 

N   180,697 
E  1,247,422 

6900' 

BC07 

39° 
108° 

47' 
13' 

44" 
17" 

T3S  R97W  Sec  13 
NWU,  NEU,  NEU 

N   180,068 
E  1,235,474 

6940' 

BC08 

39° 
108° 

50' 
13' 

30" 
36" 

T2S  R97W  Sec  25 
NWU,  SWU,  SWU 

N   196,920 
E  1,234,468 

6350' 

BC09 

39° 
108° 

49' 
IT 

30"' 
53" 

T3S  R96W  Sec  5 
NEU,  NWU,  NWU 

N   190,634 
E  1,242,331 

6400' 

BC13 

39° 
108° 

47' 
IT 

19" 
20" 

T3S  R96W  Sec  17 
NEU,  NWU,  SEU 

N   177,234 
E  1,244,531 

6700' 

BDOl 

39° 
108° 

50' 

14' 

59" 
26" 

T2S  R97W  Sec  26 
SEU,  SE5j,  NEU 

N   200,000 
E  1,230,697 

6380' 

BD02 

39° 
108° 

50' 
13' 

44" 
55" 

T2S  R97W  Sec  25 
NWU,  NEU,  SWU 

N   198,428 
E  1,233,022 

6370' 

BD03 

39° 
108° 

50' 
12' 

34" 
57" 

T2S  R96W  Sec  30 
SWU,  SWU,  SWU 

N   197,171 
E  1,237,548 

6420' 

BD04 

39° 
108° 

50' 
12' 

3" 

19" 

T2S  R96W  Sec  31 
SWU,  SEU,  NEU 

N   194,028 
E  1  ,240,445 

6420' 

BD05 

39° 
108° 

50' 
11' 

9" 
41" 

T2S  R96W  Sec  32 
NWU,  SEU,  NWU 

N   194,468 
E  1,243,400 

6420' 

BD06 

39° 
108° 

49' 
10' 

46" 
34" 

T2S  R96W  Sec  33 
NWU,  SEU,  SWU 

N   192,017 
E  1,248,554 

6500' 

BD07 

39° 
108° 

49' 
13' 

51" 
16" 

T2S  R97W  Sec  36 
SWU,  NEU,  SEU 

N   192,897 
E  1,235,914 

6380' 

BD08 

39° 
108° 

49' 
12' 

46" 
43" 

T2S  R96W  Sec  31 
NWU,  SEU,  SWU 

N   192,394 
E  1,238,491 

6360' 

BD09 

39° 
108° 

49' 
12' 

26" 
28" 

T3S  R96W  Sec  6 
SWU,  NWU,  NEU 

N   190,257 
E  1,239,559 

6410' 

Plane  Coordinate  Projection  Tables,   Colorado,   Special   Publication 
No.    276,    U.    S.    Government   Printing  Office. 


III-204 


, 
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ENVIRONMENTAL  DATA  COLLECTION  STATION  COORDINATES 


STATION 
CODE 

LATITUDE   & 
LONGITUDE 

TOWNSHIP  & 
RANGE 

STATE 

COORDINATES* 

ELEVATION 

BDIO 

300 
108° 

49'    17" 
11 '    49" 

T3S  R96W  Sec  5 
NE1*,   SWi,   NW!< 

N       189,245 
E  1  ,242,582 

6420' 

Coordinates  Pickec 

Near  Transect  Map 

Code  Label 

BFOI 

39° 
108° 

47'    53" 
16'    35" 

T3S  R97W  Sec  9 
NE*s,  SE'i,  SE% 

N       181,514 
E  1  ,220,068 

6900' 

BF02 

39° 
108° 

48'    02" 
14'    27" 

T3S  R97W  Sec  11 
SW1*,   HEh,  SE^ 

N       182,017 
E  1,230,068 

6800' 

BF03 

39° 
108° 

46'   40" 
13'    32" 

T3S  R97W  Sec  24 
NWs,   SW'-s,   HEh 

N       173,651 
E   1,234,091 

6860' 

BF04 

39° 
108° 

46'    25" 
13'   04" 

T3S  R97W  Sec  24 
HEh,   HEh,   SE^ 

N       172,017 
E  1,236,228 

7190' 

BF05 

39° 
108° 

47'    30" 
12'     9" 

T3S  R96W  Sec  18 
H£k,   SEk,   HEh 

N       178,491 
E  1,240,697 

6980' 

BF06 

39° 
108° 

47'    44" 
IT  43" 

T3S  R96W  Sec  17 

N       179,874 
E  1,242,771 

6940' 

BF07 

39° 
108° 

46'   09" 
IT    49" 

T3S  R96W  Sec  20 
SWJs,  SE^s,  SUk 

N       170,257 
E  1,242,017 

6820' 

BF08 

39° 
108° 

47'    31" 
11'     9" 

T3S  R96W  Sec  16 
NEk,   SUk,  UWi 

N       178,491 
E  1,245,411 

6950' 

BGOI 

39° 
108° 

50'    17" 
13'    58" 

T2S  R97W  Sec  36 
S\ri\,   NEJj,   NW% 

N       195,662 
E  1,232,708 

6360' 

BG02 

39° 
108° 

47'  46" 
13'   23" 

T3S  R97W  Sec  13 
NEL»,   NW'i,  HEh 

N       180,320 
E  1,234,971 

6940' 

BG03 

39° 
108° 

49'   39" 
12'   10" 

T2S  R96W  Sec  31 
SE'i,   SEis,  SE^s 

N       191,577 
E  1,241,011 

6300' 

BG04 

39° 
108° 

47'    40" 
10'  55" 

T3S  R96W  Sec   16 
SW^,  NW'a,   NUh 

N       179,371 
E  1,246,542 

6860' 

BHOI 

39° 
108° 

48'  46" 
15'  59" 

T3S  R97W  Sec  5 
SE^,   SE*i,  SW'i 

N       186,731 
E  1,223,022 

6660' 

BH02 

39° 
108° 

47'  59" 
13'  38" 

T3S  R97W  Sec  12 
SWU,  SWi,   SE^ 

N       181,640 
E  1,233,902 

6780' 

BH03 

39° 
108° 

48'  14" 
13'     1 " 

T3S  R96W  Sec  7 
SUh,   NW'i,   SUh 

N       183,085 
E  1,236,794 

-6840' 

BH04 

3°° 
108° 

46'  48" 
10'    56" 

T3S   R96W  Sec  20 
JiEh,   SE^s,  NE1* 

N       174,091 
E  1,246,291 

7120' 

BJOI 

39° 
108° 

47'  56" 
11'  58" 

T3S  R96W  Sec  8 
NW'i,   SW4,   SW'a 

N       181,137 
E  1  ,241,640 

6860' 

BJ02 

39° 
108° 

47' 43" 
14' 23" 

T3S  R97W  Sec  14 
NWH,   NE'i,  NEJj 

N       180,194 
E  1,230,320 

6870' 
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ENVIRONMENTAL  DATA  COLLECTION  STATION  COORDINATES 


III. 


IV. 


STATION 

LATITUDE  & 

TOWNSHIP  & 

STATE 

CODE 

LONGITUDE 

RANGE 

COORDINATES* 

ELEVATION 

BJ03 

39o 

46' 

58" 

T3S   R96W  Sec  17 

N 

175,285 

7100' 

108° 

12' 

3" 

SWJs,   SWJs,  SWJj 

E  1 

,241,074 

BJ04 

39° 
108° 

47' 
13' 

24" 
30" 

T3S   R97W  Sec   13 
SEJs,   SWJs,  NE%s 

N 
E  1 

178,114 
,234,405 

6700' 

BJ05 

39° 
108° 

48' 
11  ' 

08" 
54" 

T3S  R96W  Sec  8 
SEJj,  NWU,   SWJs 

N 
E  1 

182,268 
,242,017 

6840' 

BJ06    . 

39° 
108° 

47' 
10' 

52" 
42" 

T3S  R96W  Sec  9 
SZk,   SWJs,   SW% 

N 
E  1 

180,634 
,247,611 

6880' 

NOISE 

NA02 

39° 

50' 

42" 

T2S  R97W  Sec  25 

N 

198,302 

6520' 

108° 

14' 

19" 

SWa,   NWia,   SW^s 

E  1 

,231,200 

NA09 

39° 

49' 

08" 

T3S   R97W  Sec  2 

N 

188,679 

6660' 

108° 

14' 

17" 

SE%j,   SE5s,   UEh 

E  1 

,231,074 

NB15 

?9° 

49' 

04" 

T3S  R97W  Sec  1 

N 

188,177 

6720' 

108° 

13' 

26" 

NE»s,   NW*s,   SE^a 

E  1 

,234,971 

PHOTOGRAPHY 

PAOl 

39o 

51' 

50" 

T2S  R96W  Sec  20 

N 

204,714 

7420' 

108° 

11' 

23" 

SUk,   SWU,   NE^ 

E  1 

,245,097 

PA02 

39° 

50' 

44" 

T2S  R97W  Sec  25 

N 

198,365 

6560' 

108° 

14' 

5" 

SEfc,   HWs,   SW-2 

E  1 

,232,268 

PA03 

39° 

50' 

23" 

T2S  R97W  Sec  36 

N 

196,291 

6300' 

108° 

14' 

7" 

HEh,   NW*,,   NW% 

E  1 

,232,079 

PA04 

39° 

49' 

58" 

T2S  R97W  Sec  36 

N 

193,651 

6410' 

108° 

13' 

11" 

NESg,  NEk,  SZk 

E  1 

,236,354 

PA05 

39° 

49' 

03" 

T3S  R97W  Sec  2 

N 

188,239 

6410' 

108° 

14' 

41" 

HUk,   NWJj,   SE'a 

E  1 

,229,119 

PA06 

39° 

48' 

55". 

T3S  R97W  Sec  1 

N 

187,422 

6770' 

108° 

14' 

5" 

SWfc,  NVft,   SWJi 

E  1 

,231,954 

PA07 

39° 

48' 

55" 

T3S   R97W  Sec   1 

N 

187,359 

6770' 

108° 

13' 

57" 

SEu,   NWJj,   SW'i 

E  1 

,232,582 

PA08 

39o 

49' 

18" 

T3S  R97W  Sec  1 

N 

189,685 

6760' 

108° 

13' 

49" 

NWfc,   SE%,   NW'a 

E  1 

,233,274 

PA09 

39° 

48' 

53" 

T3S  R96W  Sec  6 

N 

186,920 

6750' 

108° 

12' 

20" 

NE'a,   SWJs,   SEJs 

E   1 

,240,131 

PAIO 

39° 

49' 

30" 

T3S  R96W  Sec  5 

N 

190,634 

6430' 

108° 

IT 

50" 

NE'«,   NWJj,   NWJj 

E   1 

,242,582 

PAH 

39° 

48' 

41" 

T3S  R96W  Sec  5 

N 

185,662 

6700' 

108° 

11  ' 

47" 

SW's,   SEJa,  SW4 

E  1 

,242,645 
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ENVIRONMENTAL  DATA  COLLECTION  STATION  COORDINATES 


-, 


STATION 
CODE 

LATITUDE  & 
LONGITUDE 

TOWNSHIP  & 
RANGE 

STATE 
COORDINATES* 

ELEVATION 

PA12 

39° 
108° 

48' 

li1 

47" 
23" 

T3S  R96W  Sec  5 
Site,   Site,   SE>a 

N 

E  1 

186,228 

,244,154 

6740' 

PA13 

39° 
108° 

49' 
IT 

33" 
44" 

T2S  R96W  Sec  32 
SE»s,   Site,  SE'a 

N 
E  1 

190,885 
,243,085 

6500' 

PAT  4 

39° 
108° 

48' 
14' 

22" 
29" 

T3S  R97W  Sec  11 
NE^,   Site,   NE'-a 

N 

E  1 

184,091 
,229,937 

6700' 

PA15 

39° 
108° 

48' 
14' 

21" 
3" 

T3S  R97W  Sec  12 
NE^a,   Site,  HWt 

N 
E  1 

183,902 
,232,017 

6670' 

PA16 

39° 
108° 

47' 
13' 

56" 
49" 

T3S   R97W  Sec  12 
NE^a,  SBs,   Site 

N 
E  1 

181,325 
,233,022 

6730' 

PA17 

39° 
108° 

48' 

13' 

35" 
19" 

T3S  R97W  Sec   12 
Nlte,  NE'*a,  HEk 

N 
E  1 

185,285 
,235,474 

6760' 

PA18 

39° 
108° 

48' 
13' 

31" 
10" 

T3S   R97W  Sec  12 
Site,   NE*s,  UEh 

N 
E  1 

184,782 

,236,165 

6820' 

PA19 

39° 
108° 

47' 
12' 

50" 
57" 

T3S  R96W  Sec  7 
Site,   Site,  SVlk 

N 
E  1 

180,697 
,237,045 

6870' 

PA20 

39° 
108° 

48' 

12' 

4" 
47" 

T3S  R96W  Sec  7 
Site,  NEU,  SfcRa 

N 
E   1 

182,017 
,237,862 

6890' 

PA21 

39° 
108° 

47' 
12' 

46" 

5" 

T3S  R96W  Sec  18 
NE%,  NEU,  NZh 

N 

'   E  1 

180,068 
,241,074 

6920' 

PA22 

39° 
108° 

48' 
IT 

16" 
34" 

T3S  R96W  Sec  8 
SE'a,   SEk,  Nlte 

N 
E  1 

183,085 

,243,588 

6860' 

PA23 

39o 
108° 

48' 
10' 

38" 
57" 

T3S  R96W  Sec  3 
NE5g,   NE%,  HEk 

N 
E  1 

185,222 

,246,542 

6540' 

PA24 

39° 
108° 

47' 
10' 

57" 
44" 

T3S  R96W  Sec  9 
NEU,   Site,  Site 

N 
E  1 

181 ,07^ 
,247,422 

6880' 

PA25 

39n 
108° 

48' 

10' 

10" 
24" 

T3S  R96W  Sec  9 
HEh,   HDi,  Site 

N 

E  1 

182,268 

,248,994 

6520' 

PA26 

39° 
108° 

47' 
13' 

25" 
39" 

T3S  R97W  Sec  13 
SE'-a,   SE%,   Nlte 

N 
E  1 

178,239 

,233,714 

6770' 

PA27 

39° 
108° 

47' 
12' 

22" 
53" 

T3S  R96W  Sec  18 
SW?a,   Site,  Nlte 

N 

E  1 

177,862 
,236,857 

6980' 

PA28 

39° 
108° 

47' 
12' 

8" 
58" 

T3S  R96W  Sec  18 
Nlte,   Site,   Site 

N 
E  1 

176,417 
,236,794 

7010' 

PA29 

39° 
108° 

46' 

11  ' 

57" 
20" 

T3S  R96W  Sec  17 
Site,  Site,  S£h 

N 
E  1 

175,034 
,244,405 

6700' 

PA30 

39° 
108° 

46' 
10' 

58" 

48" 

T3S  R96W  Sec  16 
SW^,   Site,   Site 

N 
E  1 

175,034 
,246,920 

7120' 

PA31 

39° 

108° 

47' 
10' 

46" 

45" 

T3S  R96W  Sec   16 
NEU,  Nlte,   Nlte 

N 
E  1 

179,874 
,247,359 

6920' 

*  Plane  Coordinate  Projection  Tables,   Colorado,   Special   Publication 
No.    276,    U!    S.    Government  Printing  Office. 
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ENVIRONMENTAL  DATA  COLLECTION  STATION  COORDINATES 


/ 


STATION 
CODE 

LATITUDE  & 
LONGITUDE 

TOWNSHIP   & 
RANGE 

STATE 
COORDINATES* 

ELEVATION 

PA32 

39° 
108° 

47' 
10' 

25" 
18" 

T3S  R96W  Sec   16 
SW,,   SW,,   NE", 

N 

E  1 

177,737 
,249,371 

6640' 

PA33 

39° 
108° 

46' 
13' 

58" 
00" 

T3S  R96W  Sec   18 
SW,,   SW,,   SW, 

N 

E  1 

175,411 
,236,605 

7060' 

PA34 

39° 
108° 

46' 
12' 

53" 

5" 

T3S  R96W  Sec  19 
NE",,   NE",,   NE", 

N 
E  1 

174,720 
,240,948 

7120' 

PA35 

39° 
108° 

45' 
13' 

21" 

6" 

T3S  R97W  Sec  25 
NE",,  SE",,  SE", 

N 

E  1 

165,537 
,235,851 

7400' 

WATER 

WA01 

39° 
108° 

50' 
13' 

31" 
54" 

T2S  R97W  Sec  25 
SW".,  SE",,  SW, 

N 
E  1 

197,108 
,233,085 

6300' 

WA02 

39° 
108° 

50' 
14' 

10" 

37" 

T2S  R97W  Sec  35 
NE",.   SW!,,  NE", 

N 
E  1 

195,034 
,229,685 

6280' 

WA03 

39° 
108° 

48' 
14' 

48" 
32" 

T3S  R97W  Sec  2 
NE%,   SW,,  SE", 

N 

E  1 

186,731 
,229,811 

6460' 

WA04 

39° 
108° 

47' 
13' 

26" 
35" 

T3S  R97W  Sec  13 
SW,,   SW",,   NE", 

N 
E  1 

178,302 
,234,021 

6700' 

WA05 

39° 
108° 

50' 
13' 

4" 
14" 

T2S  R97W  Sec  36 
SW,,  SE",,  NE", 

N 
E  1 

194,217 
,236,102 

6330' 

WA06 

39° 
108° 

49' 
12' 

36" 
25" 

T2S  R96W  Sec  31 
SE*,   SW,,  SE", 

N 

E  1 

191,262 
,239,874 

6360' 

WA07 

39° 
108° 

49' 
IT 

31" 
59" 

T3S  R96W  Sec  5 
NW,,  NW,,   NW", 

N 
E  1 

190,697 
,241,891 

6370' 

WA08 

39° 
108° 

49' 
11  ' 

12" 
8" 

T3S  R96W  Sec  5 
SW,,   SE%,   NE", 

N 
E  1 

188,679 
,245,788 

6400' 

WA09 

39° 
108° 

48' 
10' 

10" 
22" 

T3S  R96W  Sec  9 
NE*,   NE",,   SW", 

N 
E  1 

182,268 

,249,182 

6420' 

WA10 

39° 
108° 

47' 
10' 

25" 
24" 

T3S  R96W  Sec   16 
SE1,,   SE1,,   NW1, 

■     N 
E  1 

177,800 
,248,931 

6580' 

WA11 

39c 
108° 

48' 
IT 

18" 

7" 

T3S  R96W  Sec  8 
SW,,  SE",,   NE1, 

1     N 
E  1 

183,211 
,245,725 

6550' 

WA12 

39° 
108° 

46' 
11  ' 

58" 
25" 

T3S  R96W  Sec  17 
SW,,   SW»,,   SE", 

N 

E 

175,155 

,244,028 

6700' 

WAT  3 

39° 
108° 

47' 
12' 

13" 
34" 

T3S  R96W  Sec  18 
SW,,   NW",,   SE", 

N 

E  1 

176,857 
,238,679 

6840' 

WP01 

39° 
108° 

49' 
11  ' 

35" 
2" 

T2S  R96W  Sec   32 
SE",,   SE",,   SE", 

N 
E  1 

190,948 
,246,291 

6380 

WP02 

39° 
108° 

49' 
12' 

41" 
2" 

T2S  R96W  Sec   32 
NW,,   SW,,   SW", 

N 

E   1 

191,702 
,241,702 

6300' 

WP03 

39° 
108° 

51 ' 
15' 

03" 
27" 

T2S  R97W  Sec  26 
NW",,   SW",,   NW, 

N 

E   1 

200,502 
,225,977 

6220' 

*Plane   Coordinate   P 

rojection 
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J 


STATION 
CODE 

LATITUDE  & 
LONGITUDE 

TOWNSHIP  & 
RANGE 

STATE 
COORDINATES* 

ELEVATION 

WSOl 

39° 
108° 

49' 
IT 

30" 

2" 

T3S  R96W  Sec  5 
NE*,   NE*,   NE* 

N 
E   1 

190,445 

,246,291 

6380' 

WS02 

39° 
108° 

48' 
10' 

3" 
16" 

T3S  R96W  Sec  9 

SW*,   NW*,   SE* 

N 
E  1 

181,577 
,249,622 

6540' 

WS03 

39° 
108° 

49- 
IT 

1" 
9" 

T3S  R96W  Sec  5 
NW*,   NE*,   NE* 

N 
E  1 

190,634 
,245,788 

6360' 

WS04 

39° 
108° 

48' 

10' 

1" 
13" 

T3S  R96W  Sec  9 
NE*,   SW*,  SE* 

N 
E   1 

181,388 
,249,874 

6550' 

WS06 

39c 
108° 

50' 
14' 

23" 
38" 

T2S  R97W  Sec   35 
NE*,   NW*,   NE* 

N 
E   1 

196,354 
,229,622 

6260' 

WS07 

39° 
108° 

50' 

14' 

17" 
33" 

T2S  R97W  Sec  35 

SWJ,,    NE*,   NE* 

N 

E  1 

195,788 
,230,000 

6280' 

WS08 

39° 
108° 

48' 

14' 

57" 
48" 

T3S  R97W  Sec  11 

SE*,   NE*,   SE* 

N 

E   1 

187,674 
,228,554 

6400' 

WS09 

39° 
108° 

47' 
14' 

51" 
53" 

T3S  R97W  Sec   14 
NW*,   NE*,   SWj 

N 
E  1 

181,011 
,227,988 

6550' 

WSIO 

39° 
108° 

47' 
15' 

16" 
2" 

T3S  R97W  Sec  2 
SE*,   NE*,   SWj 

N 
E  1 

177,485 
,227,171 

6580' 

WU07 

39° 
108° 

49' 

10' 

31" 
59" 

T3S  R96W  Sec  5 
HEk,   NE*,   NE* 

N 
E  1 

190,634 
,246,542 

6400' 

WU15 

39° 
108° 

47' 
10' 

20" 
23" 

T3S  R96U  Sec   16 
NE1*,  NE1.,   SW* 

N 
E  1 

177,234 
,248,931 

6600' 

WU22 

39° 

108° 

48' 

10' 

45" 
60" 

T3S  R96W  Sec  5 
SE*,   SE*,   SE* 

N 
E  1 

185,914 
,246,354 

6460' 

WU25 

39° 
108° 

46' 
IT 

57" 
21" 

T3S  R96W  Sec  17 
SE*,   SW*,   SE* 

N 
E   1 

175,097 
,244,342 

6680 

WU28 

39° 
108° 

48' 
IT 

42" 
0 

T3S  R96W  Sec   5 
SE*,   SE*,  SE* 

N 
E  1 

185,662 
,246,291 

6460' 

WU33 

39° 
108° 

47' 
12' 

15" 
34" 

T3S  R96W  Sec  18 
SE'j,   NE*,  SW* 

M 

El 

177,045 
,238,742 

6860' 

WU36 

39° 
108° 

49 ' 
IT 

28" 

54" 

T3S  R96W  Sec   5 

ne*.  nw*,  nw* 

N 
E  1 

190,382 
,242,268 

6380' 

WU39 

39° 
108° 

49' 
12' 

34" 
27" 

T2S  R96W  Sec   31 
Sift,   Sift,  SE'j 

N 
E  1 

191,137 
,239,685 

638"' 

WU42 

39° 
108° 

50' 
13' 

3" 
13" 

T2S  R97W  Sec   3? 
SE'j,   SE*,   NE* 

N 
E  1 

194,091 
,236,228 

6430 ' 

WU50 

39° 

108° 

47' 
13' 

43" 
39" 

T3S  R97W  Sec   13 
NE*,   NE*,   NW* 

N 
E   1 

180,000 
,233,714 

6660' 

WU52 

39° 

108° 

48' 

14' 

49" 
34" 

T3S  R97W  Sec  2 

NE*,    SW*,     SE* 

N 
E  1 

186,857 
,229,685 

6460' 

WU58 

39° 
108° 

50' 

14' 

12" 
36" 

T2S  R97W  Sec   35 

NE*,     SW*,    NE* 

N 
E   1 

195,222 
,229,748 

6280' 

WU61 

39° 
108° 

5T 
15' 

3" 
31" 

T2S  R97W  Sec   27 

NE*,     SE*,    NE* 

N 
E  1 

220,502 
,225,600 

6220' 

♦Plane 

Coordinate  P 

rojection 

Tables,  Colorado, 

Special   Publication 

No.    276,   U.    S.   Government  Printing  Office. 
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TABLE  4.3-1  (Continued) 

ENVIRONMENTAL  DATA  COLLECTION  STATION  COORDINATES 


STATION 
CODE  + 

LATITUDE   & 
LONGITUDE 

TOWNSHIP  & 
RANGE 

STATE 
COORDINATES* 

ELEVATION 

WW12 

39° 
108° 

48' 
13' 

42" 
29" 

T3S  R97W  Sec   1 
SEs*.   SW>,,   Slh 

N 
E  1 

185,977 
,234,720 

6780' 

WX02 

39° 
108° 

48' 
12' 

56" 
22" 

T3S  R96W  Sec  6 
SE*j,   Nlft,   SE>j 

N 
E  1 

187,234 
,240,000 

67??' 

WX03 

39° 
108° 

48' 

11  ' 

51" 
29" 

T3S  R96W  Sec   5 
Nlft,   Sift,  SE*j 

N 
E  1 

186,605 

,244,091 

6740' 

WX04 

39° 
108° 

47' 
12' 

11" 
4" 

T3S  R96W  Sec  17 
SE*,   Nlft,  Sift 

N 
E  1 

176,542 
,241,074 

7040' 

WXIO 

39° 
108° 

47' 
13' 

46" 
06" 

T3S  R97W  Sec   13 
NE=a,   NE»»,   NE* 

N 
E  1 

180,257 
,236,291 

6950' 

WX12/WY12 

39° 
108° 

48' 

14' 

52" 
36" 

T3S  R97W  Sec  2 
NE%,   Sift,  SE>» 

N 
E  1 

187,171 
,229,497 

6440' 

WX17/WY17 

39° 
108° 

46' 
10' 

58" 
51" 

T3S  R96W  Sec   16 
Sift,  SVft,   Sift 

N 
E  1 

175,034 
,246,668 

7040' 

WX19 

39° 
108° 

49' 
n ' 

31" 
59" 

T3S  R96W  Sec  5 
Nlft,   Nlft,   Nlft 

N 
E  1 

190,760 
,241,891 

6370' 

WX20 

39° 
108° 

49' 
12' 

33" 
24" 

T2S  R96W  Sec  31 
SE*,   Sift,  SEh 

N 
E  1 

191,011 
,239,937 

6350' 

WX21 

39° 
108° 

48' 
13' 

57" 
24" 

T3S  R97W  Sec   13 
SE*,  Sift,   SE* 

N 
E  1 

175,348 
,234,782 

6870' 

WX32 

39° 
108° 

48' 
13' 

26" 
36" 

T3S  R97W  Sec  12 
Nlft,   Sift,   NE* 

N 
E  1 

184,342 
,234,091 

6840' 

WX33 

39° 
108° 

49' 
13' 

0 
28" 

T3S  R97W  Sec  1 
SE*,   Nlft,   SE"a 

N 
E  1 

187,800 

,234,845 

6720' 

WX44/w'Y45 
/WY46 

39° 
108° 

48' 

12' 

1" 
44" 

T3S  R96W  Sec7 
SW*,  NE*,   SW* 

N 
E  1 

181 ,765 
,238,114 

6910' 

WX55/WY52 
/WY54 

39° 
108° 

47' 
12' 

48" 
7" 

T3S  R96W  Sec  7 
SE*,   SE*,  SE* 

N 
E  1 

180,320 

,240,948 

6900' 

WX63/WY61 
/WY62 
/WY81 

WX92/WY91 

39° 
108° 

39° 
108° 

48' 
12' 

47' 
14' 

13" 
32" 

48" 
20" 

T3S  R96W  Sec  7 
Nlft,  Nlft,   SE* 

T3S  R97W  Sec  11 
SE*,  SE*,  SE* 

N 
E  1 

N 
E  1 

182,897 
,239,057 

180,634 
,230,571 

6870' 
6870' 

WYOl 

39° 
108° 

48' 

14' 

52" 
.3" 

T3S  R97W  Sec   1 
NE*,  Sift,  SW* 

N 
E  1 

187,04b 

,232,079 

6780" 

WY10 

39° 
108° 

47' 
13' 

46" 

5" 

T3S  R97W  Sec   13 
NE*,   NE*,  NE* 

N 
E  1 

180,257 
,236,291 

6950' 

WY81 

39° 
108° 

48' 

10' 

12" 

24" 

T3S  R96W  Sec  9 
NE*,   NE*,   SW* 

N 
E  1 

182,457 

,249,057 

6540' 

WZOl 

39° 
108° 

48' 
13' 

56" 
33" 

T3S  R96W  Sec  1 
SE*,   NW>,,   SEi, 

N 
E  1 

187,422 
,234,405 

6720 

*Plane    Coordinate   Projectior 

i   Tables,    Colorado, 

Specia 

1   Publication 

No.  276,  U.S.  Government  Printing  Office. 

+Multiiple  station  codes  at  the  same  location  indicates  samples  taken  at 
different  depths. 
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MSS  Vegetation  Indices,  Jess  Grunblatt,  Eugene  Maxwell,  Ph.D. 
May,  1980 

Elemental  Abundance  Data,  Connie  L.  Wilkerson,  May  1,  1980.       III-313 

Analysis  of  Discharge  Criteria  for  Selected  Water  Quality  Con-     III-319 
stituents  Dnder  NPDES  Permit  No.  C0-0033961  to  Occidental  Oil 
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INTRODUCTION 

This  report  describes  an  initial  effort  to  assess  vegetation  con- 
dition in  the  Piceance  Creek  Basin  of  northwestern  Colorado  using 
Landsat  multispectral  scanner  (MSS)  digital  data.   The  goals  of  this 
research  effort  were  twofold: 

1.  Provide  a  measure  of  vegetation  condition  over  a  selec- 
ted portion  of  the  Piceance  Creek  Basin. 

2.  Provide  a  measure  of  vegetation  condition  change. 

The  measure  of  vegetation  condition  for  this  effort  is  based  on 
results  obtained  by  Maxwell,  et  al  (1980) .   The  methods  they  employed 
were  developed  for  short  grass  prairie  and  irrigated  row  crop  vegeta- 
tion.  Extension  of  these  methods  to  the  Pinyon- Juniper  forests  and 
shrublands  of  the  Piceance  Basin  cannot  be  expected  to  produce  quan- 
titatively accurate  results.   Relative  values  and  detection  of  change 
results  should  be  reliable,  however,  within  the  limits  imposed  by  the 
methods.   If  the  initial  results  are  promising,  future  efforts  should 
include  a  calibration  of  the  methods  for  the  Piceance  vegetation  types. 

Results  from  this  effort  are  presented  in  a  format  such  that  qual- 
itative assessment  of  vegetation  conditions  could  be  made  by  Occidental 

biologists.   However  this  report  is  presented  primarily  from  the  point 
II 

of  view  of  change  detection. 

TECHNICAL  DISCUSSION 

CHANGE  DETECTION 

A  variety  of  methodologies  have  been  employed  to  extract  change 
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detection  information  from  digital  data.   Todd,  1977,  suggests  an 
image  ratio  technique  whereby  Landsat  data  for  a  designated  test  area 
are  acquired  for  two  different  dates.   Subsequent  processing  produces 
a  ratio  of  Landsat  channel  5  values  for  those  dates.   Ratio  values 
significantly  different  from  1  are  indicative  of  change.   The  manner 
of  land  cover  change  was  determined  by  classifying  the  later  date 
and  comparing  the  classification  map  with  change  detection  map.   Desig- 
nating values  for  the  "degree"  or  "amount"  of  change  is  difficult  since 
the  distribution  of  ratio  values  is  nonnormal. 

Another  widely  used  change  detection  method  simply  uses  post 
classification  comparison  of  land  cover  classes  between  dates. 
(Weismiller,  et  al,  1977,  Swain,  1976,  Christenson  et  al ,  1978,  Friedman, 
1978) .   This  approach  eliminates  the  economy  of  initially  identifying 
areas  of  change  and  classifying  only  those  areas  of  interest.   How- 
ever, by  independently  categorizing  an  image  date,  the  impact  of 
change  due  to  the  atmosphere,  sun  angle  and  other  changes  not  asso- 
ciated with  the  characteristic  of  interest  can  be  reduced.   Investiga- 
tors have  also  used  data  reduction  techniques  to  emphasize  particular 
data  characteristics  felt  to  be  important  in  the  identification  of 
change.   Techniques  range  from  costly  principal  components  transforma- 
tion (Friedman,  1978,  Crapper  and  Byrne,  1979)  to  merely  selecting  a 
particular  band  of  interest  (Todd,  1977).   Image  differencing  is  a 
technique  that  employs  the  subtraction  of  one  data  value  from  another. 
The  distribution  of  change  values  generated  by  this  approach  resemples 
a  normal  distribution  and  therefore  levels  of  change  can  be  designated 
as  a  function  of  standard  deviation  (Anuta  and  Bauer  1973,  Weismiller 
et  al,  1977,  Christensen,  et  al,  1978,  Computer  Sciences  Corp.,  1978). 
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From  the  above  discussion  several  points  can  be  noted: 

1.  Data  transformations  are  useful  to  enhance  a  quality  of 
the  data  that  is  of  interest.  This  can  reduce  noise  in  the 
data  and  lead  to  economy  in  data  processing. 

2.  The  comparison  of  individual  classification  results 
to  determine  areas  of  change  is  useful  since  data  spe- 
cific noise  such  as  unique  atmospheric  effects,  or  dif- 
ferent sun  angles  have  less  effect  on  the  results. 

3.  A  variety  of  change  detection  methodologies  exist  that 
can  be  tailored  to  meet  particular  user  needs. 

In  addition  to  these  general  considerations  of  methods,  there 

are  certain  processing  problems  common  to  all  change  detection  methods 

The  major  points  to  be  considered  are  noted  below: 

1.  Pixel-to-Pixel  Registration  -  Since  any  change  detection 
relies  on  the  comparison  of  information  describing  a  par- 
ticular ground  location  on  several  dates,  it  is  crutial  to 
correctly  identify  the  ground  unit  of  interest.   A  variety  of 
geometric  distortions  exist  in  the  raw  Landsat  data  that  must 
be  corrected  to  allow  pixel-to-pixel  registration. 

2.  Atmospheric  Effects  -  One's  ability  to  discriminate  land 
cover  characteristics  by  remote  sensing  systems  via  elec- 

^  tromagnetic  radiation  is  diminished  by  the  atmosphere  which 

scatters  and  absorbs  radiation.   The  extent  of  these  atmos- 
pheric effects  is  variable  according  to  the  condition  of 
the  atmosphere,  and  the  wavelength  of  the  electromagnetic 
radiation. 

3.  Date  Selection  -  When  detecting  vegetation  changes,  the 
seasonal  growth  characteristics  of  the  vegetation  must  be  con- 
sidered in  selecting  appropriate  dates  for  analysis.   A 

date  when  the  vegetation  will  be  most  sensitive  to  the  change 
of  interest  should  be  selected.   The  same  date  or  dates 
should  be  used  each  year. 

4.  Surface  Wetness  -  The  presence  of  surface  moisture,  i.e. 
after  a  rainfall,  will  considerably  alter  reflected  radiance 
values,  and  should  be  avoided  when  selecting  images. 

11 

5.  Spatial  Resolution  -  The  minimum  ground  resolution  ele- 
ment (pixel)  of  the  Landsat  system  is  79  x  56  meters.   To 
be  reasonably  confident  of  the  location  within  an  image  of 
an  area  of  interest,  as  well  as  the  value  associated  with 
that  location,  any  analysis  of  Landsat  data  should  consider 
a  minimum  ground  unit  of  10  acres  or  more. 

On  the  basis  of  the  simplicity  of  implementing  and  using 
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differencing  change  detection,  that  technique  was  selected  as  the  mode 
of  analysis  for  this  study.   However,  differencing  of  individual  Landsat 
bands  was  not  considered  to  be  of  any  value  for  this  application. 
Rather,  since  vegetation  condition  and  changes  in  condition  were  the 
primary  measurement  objectives  of  this  project,  the  differencing  of 
vegetation  indices  was  an  obvious  choice.   A  description  of  vegeta- 
tion indices  and  their  use  to  quantify  vegetation  condition  is  given 
below. 

VEGETATION  INDICES 

Knipling  (1970)  reported  that  two  important  factors  determining 
leaf  reflectance  are  the  light  absorbing  pigments  within  the  leaf 
and  the  physical  structure  of  the  leaf.   The  pigments  (chlorophylls, 
xanthophylls,  carotenoids,  and  anthocyanins)  are  responsible  for  ab- 
sortion  of  energy  in  the  visible  wavelengths,  but  they  do  not  interact 
with  infrared  (IR)  energy  (see  figure  1) .   The  structure  of  the  leaf 
is  important  to  both  visible  absorptance  and  IR  reflectance.   Leaf 
structure  increases  the  effective  path  length  within  the  leaf  for  the 
visible  and  IR  wavelengths.   This  increases  the  opportunity  for  the 
interception  of  radiation  by  the  pigments  and  results  in  the  upward 
scattering  of  40-60  percent  of  the  near  IR  energy  intercepted  by  the 
leaf  (Maxwell,  et  al,  1980). 

Previous  work  by  numerous  investigators  has  shown  that  various 

P 
combinations  of  red  and  near  IR  reflectance  or  radiance  bears  a  close 

relationship  to  biomass,  leaf  area  index,  leaf  water  and  other  vege- 
tation canopy  parameters.   Jordan  (1969)  was  the  first  to  report  the  use 
of  the  IR/RED  ratio  as  a  vegetation  index.   He  used  a  radiance  ratio 
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(.800/.  675  \i   )  to  derive  leaf  area  index  for  canopies  in  a  tropical 
rain  forest.   Miller  and  Pearson  (1971)  demonstrated  the  use  of  ra- 
tios for  mapping  the  primary  productivity  of  shortgrass  prairies. 
Colwell  (1974)  suggested  that  the  IR/RED  ratio  apparently  normalized 
for  the  variability  in  background  spectra  and  concluded  that  the  ratio 
was  useful  for  assessing  biomass.   This  background  normalizing  aspect 
of  vegetation  indices  has  been  further  indicated  by  Maxwell,  et  al 
(1980). 

Other  combinations  of  Landsat  bands  have  been  investigated  to 
assess  vegetation  biomass  and  normalize  noise.   Tucker  (1977)  inves- 
tigated several  of  the  band  combinations  and  found  only  small  differ- 
ences in  their  significance  when  regressed  with  canopy  biomass. 
Maxwell,  et  al  (1980)  support  those  of  Tucker.   Both  investigators 
suggest  the  use  of  the  normalized  difference  index  which  is  defined  as: 

„    .  .   ,  ..,,  Band  7  -  Band  5 

Normalized  Difference  =  - — t— = — ; — - — -z — =- 

Band  7  +  Band  5 

Although  the  work  of  Tucker  and  Maxwell  made  use  of  data  from  grass- 
lands and  irrigated  crops,  there  is  every  reason  to  think  that  these 
indices  will  also  provide  a  measure  of  the  quantity  and  condition  of 
deciduous  shrublands.  Some  calibration  efforts  to  establish  a  func- 
tional relationship  between  index  values  and  shrub  biomass  must 
be  undertaken  before  absolute  values  of  biomass  can  be  assigned  with 
confidence.  Relative  values  from  one  location  to  the  next  and  year- 
to-year  changes  should  be  of  value  prior  to  calibration,  however. 

Application  of  indices  to  coniferous  vegetation  has  not  been 
attempted  (as  far  as  we  know) .   Use  in  an  area  dominated  by  Pinyon- 
Juniper  trees  must  be  considered  suspect  at  this  time. 
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It  should  also  be  emphasized  that  these  indices  respond  only  to 
green  vegetation  and  they  must  be  used  at  the  appropriate  time  of 
the  year.   Senescent  (brown)  vegetation  is  spectrally  similar  to  base 
ground  and  cannot  be  measured  from  Landsat. 
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METHODS  OF  ANALYSIS 

Selection  of  Critical  Areas 

Four  areas  of  concern  were  designated  as  areas  of  critical  concern; 
on  site,  off site  uplands,  off sites  riparian  and  off site  spring  areas. 
Of  these  areas,  only  the  springs  below  the  resolution  capacity  of  the 
Landsat  sensor.   On  the  basis  of  these  critical  areas,  a  test  area  was 
designated.   Figure  2  shows  the  area  chosen  for  analysis. 

Selection  of  Dates 

Four  image  dates  were  selected  for  the  initial  tests: 
June,  1977  *June,  1979 

* August,  1977         *August,  1979 
However  only  the  three  indicated  dates  (*)  were  received  in  time  for 
processing.   As  1977  is  considered  a  dry  year  and  1979  a  comparatively 
wet  year,  this  configuration  of  dates  allowed  comparison  of  both  pheno- 
logical  change  over  a  season  and  broad  climatic  changes  between  years. 
Change  detection  analysis  were  performed  for  6/79  and  8/79  as  well  as 
8/77  and  8/79  image  dates.   Vegetation  index  maps  were  prepared  for  all 
dates. 

Analytical  Procedures 

Software  existed  for  extracting  data  for  the  test  area  for  the  1977 

Landsat  Computer  Compatible  Tape  (CCT) .   However,  the  data  format  of  the 

1979  digital  tapes  had  been  changed  by  the  EROS  Data  Center  from  that  of 

the  previous  Landsat  tapes.   Initial  project  activities  were  aimed  at 

software  development  that  would  allow  these  tapes  to  be  input  to  CSU's 

Landsat  Mapping  System  (LMS) .   Ultimately  it  was  determined  that  the  two 

1979  tapes  were  also  in  different  formats  and  further  modifications  were 

necessary  . 
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The  next  step  in  processing  was  to  digitally  overlay  the  image 
data  for  each  pair  of  dates  to  be  compared.   Implicit  in  this  procedure 
is  geometric  control  of  the  images  such  that  there  exists  a  pixel  to 
pixel  correspondence  between  the  two  data  sets.   Because  the  new  format 
tapes  (1979)  had  been  geometrically  rectified,  no  further  control  was 
necessary.   Output  maps  for  the  1979  format  were  therefore  produced  at  an 

o 

approximate  scale  of  1:25,000  and  are  skewed  13  E  from  True  North. 

For  the  1977-79  comparison  each  data  set  was  transformed  via  system- 
atic geometric  corrections  for  earth  rotation,  scanner  mirror  velocity, 
and  rotated  and  scaled  to  conform  to  a  1:24,000  (7-1/2')  topographic 
sheet  of  this  area.   Geometric  accuracy  for  both  the  1977  and  1979 
images  is  expected  to  be  within  one  resolution  unit  (pixel) . 

Having  geometrically  controlled  each  of  the  data  sets  for  comparison, 
the  vegetation  index  for  each  data  set  was  computed  and  added  to  each 
data  set  as  a  fifth  channel  of  information.   The  data  sets  were  then 
merged  for  comparison  and  differencing  of  the  vegetation  index  (channel 
5)  was  performed.   A  histogram  of  difference  values  was  generated  and 
used  to  select  thresholds  for  mapping  intensity  of  change.   These 
intensity  of  change  values  in  both  positive  and  negative  directions  were 
displayed  via  line  'printer  output  as  gray-scale  maps. 


: 


III-224 


RESULTS  AND  DISCUSSION 
Graymaps  of  MSS  Bands  5  and  7 

The  Landsat  data  for  the  test  area  are  initially  presented  as  line 
printer  output.   Each  pixel  is  represented  in  this  output  by  a  single 
character;  the  darker  line  printer  characters  are  representative  of 
pixels  of  less  radiance.   Character  spacing  is  8  lines  per  inch  and 
10  columns  per  inch.   For  the  June-August  1979  comparison,  the  raw  data 
for  each  date  had  been  geometrically  corrected  at  the  EROS  Data  Center 
and,  therefore,  no  modifications  were  necessary  to  attain  pixel  to 
pixel  registration  of  differencing.   The  graymaps  produced  from  this 
data  are  at  an  approximate  scale  of  1:25,000  and  are  rotated  13  E  from 
True  North.   For  the  1977-1979  August  differencing  systematic  geometric 
controls  were  used  to  produce  graymaps  at  1:24,000  scale,  oriented  True 
North  for  both  image  dates.   Figures  3  and  4  are  graymaps  of  the  August 
19  77  image  for  band  5  and  7  radiance  values.   Subarea  I  indicates  a 
portion  of  the  Piceance  Creek.   In  the  band  5  image,  we  see  that  this 
is  the  darkest  region  within  the  graymap;  conversely  in  band  7  we  see 
that  this  region  is  among  the  lightest  regions  (highest  detected  radiance) 
This  illustrates  the  effect  of  the  chlorophyll  absorption  region  of  band 
5  and  the  enhanced  infrared  reflectance  region  that  characterizes  band  7. 

Also  of  note  in  Figures  3  and  4  are  the  areas  of  relief  indicated 

in  subarea  II.   The*1'  effect  of  relief  can  be  studied  by  considering  the 

irradiance  at  the  Landsat  sensor  to  be  expressed  as : 

4 
„,    /pHgggo  CoS  e    . 

H  =  (   4  (F/D)^   }*Sln* 
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substituting  the  Landsat  sensor  parameters  F,  D  and  T  by      constant 
K  we  have 

H1  =  (pTaHK)*sin<3>  (1) 

where  H'  =  irradiance  of  sensor 

H  =  irradiance  of  target 

p   =  reflectance  of  target 

Ta  =  transmittance  of  atmosphere 

T0  =  transmittance  of  optics 

cos  0  =  term  accounts  for  off  axis  targets 

D  " =  optical  diameter 

$  =  effective  illumination  angle  including  solar 
elevation  and  slope-aspect  effects. 

Topographic  influence  can  then  be  modeled  as  a  multiplicative 
factor  (sin$>)  where  $  includes  the  effect  of  the  slope  and  aspect  of 
the  pixel.   As  illustrated  by  Subarea  II,  high  topographic  relief  is 
characteristic  of  the  Piceance  Creek  Basin  and  has  a  marked  effect  on 
the  reflectance  character  of  a  pixel. 

Vegetation  Index  Results 

The  normalized  difference  value  used  in  this  analysis  can  be  repre- 
sented in  a  simple  form  as: 

ND-£f  (2) 

substituting   equation    (1)    into   equation    (2)    we   have: 
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(p,  Ta^  RK)  *sin<J>-(pcTacHK)  *sin 
H'  = 


7    7  "" '  —    VK51U5' 


p   Ta  HK  *sin*  +  (p  Ta  HK)*sin$ 


which  simplifies  to, 

pJTa^H   -  PcTacH 


p   TayH  +  P   Ta  H  w; 


Additionally  it  should  be  noted  that  if  the  atmosphere  attenuation 

factor  Ta   is  assumed  equal  for  bands  5  and  7,  the  result  is  further 

simplified  as, 

P7H   -  p  H 

H'   =     H    I    H  (4) 

p  H  +p  H 

This  assumption  of  equal  attenuation  for  bands  5  and  7  is  not  entirely 
valid  since  atmospheric  attenuation  is  wavelength  dependant.  However, 
it  is  a  reasonable  approximation  for  these  two  bands. 

The  above  analysis  is  presented  to  stress  the  normalization  effect 
of  the  vegetation  index  that  can  be  expected  to  improve  between  date 
comparisons  by  the  reduction  of  atmospheric,  topographic  and  soil  back- 
ground variations. 

Figures  6  to  8  are  graymaps  of  the  vegetation  index  for  the  3  image 
dates.   Subarea  I  is  the  darkest  portion  of  the  test  area  indicating  it  to  be 
a  region  of  substantial  green  biomass.   Subarea  II  no  longer  contains  the 
obvious  topographic  influence  noted  in  Figures  3  and  4.   Comparison  of 
those  vegetation  graymaps  with  Figure  5  (a  black  and  white  air  photo  of 
the  region)  indicates  that  any  topographic  relief  in  the  vegetation  index 
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map  is  generally  a  result  of  low  vegetation  associated  with  the  topo- 
graphy (note  the  Northern  bank  of  the  Piceance  Creek) .  Actual  topo- 
graphic effects  (shadow)  have  been  greatly  reduced. 

The  August  1979  master  image,  as  generated  at  the  Goddard  Space 
Flight  Center,  contained  poor  quality  band  4  and  5  data.   Since  band  5 
information  is  incorporated  in  the  vegetation  index,  the  August  1979 
vegetation  index  map  exhibits  an  East-West  striping  or  banding  pattern. 
To  counter  this  banding,  spatial  filtering  was  applied  to  the  data. 
Filtering  also  serves  to  mitigate  errors  caused  by  slight  misregistration 
of  the  two  image  dates  being  compared  and  reduces  other  noise  and  spatial 
randomness  of  the  data. 

Filtering  is  performed  by  a  moving-average  filter  that  sums  the  8  pixels 
surrounding  the  pixel  of  interest  on  a  weighted  average  basis  as  shown 
below. 
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Filtering  was  performed  on  vegetation  index  values,  not  the  original 
data  for  each  band.  Figures  9  to  11  represent  filtered  vegetation  index 
maps  for  the  study  area  for  the  three  image  dates.   These  show  a  re- 
duction of  noise  (salt  and  pepper  effects) . 
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By  comparing  the  August  19  77  and  August  19  79  image  dates,  one  can 
note  a  general  increase  in  biomass  in  the  1979  image  date.   This  is  to 
be  expected  since  19  7  7  was  a  drought  year  and  19  79  was  more  normal. 

Our  change  detection  map  (Figures  12  and  14)  for  the  August  1977 
to  1979  comparison  reflects  this  overall  positive  change.   The  only 
region  of  strong  negative  change  is  in  the  Piceance  Creek  area.   This 
negative  change  could  be  the  result  of  water  influence  due  to  increased 
flow  in  the  Piceance  Creek.   Figure  1  illustrates  the  high  attenuation 
due  to  water  in  the  band  7  region  of  the  spectrum.  Such  attenuation 
causes  very  low  vegetation  index  values  to  be  recorded  for  water 
(typically  10  to  100). 

Figures  13  and  15  show  the  change  detection  graymaps  produced  by 
the  comparison  of  the  June-August  1979  dates.   The  upland  regions 
(subarea  II)  of  this  change  detection  map  are  characterized  by  positive 
change  while  the  riparian  vegetation  of  the  Piceance  Creek  area  (subarea  I) 
is  characterized  by  negative  change.   The  negative  change  could  be 
expected  due  to  harvest  of  these  grass  land  areas  for  hay.   The  positive 
upland  change  is  supported  by  seasonal  biomass  curves  for  typical  upland 
vegetation  communities  (Figure  16  a-b) .   It  is  recognized  that  the  peak 
biomass  date  for  these  communities  is  highly  variable  due  to  the  particular 
seasonal  characteristics  of  any  one  year.   These  graphs  are  presented 
merely  to  indicate  that  biomass  levels  of  these  communities  are  expected 
to  be  higher  late  in  the  season. 
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CONCLUSIONS: 

1)  The  normalized  difference  is  an  effective  index  for  the  digital 
evaluation  of  vegetation  condition  in  the  Piceance  Creek  basin. 
Qualitative  index  values  and  the  detected  change  values  are  in 
agreement  with  expectations.   The  normalization  qualities  of  this 
index  are  also  desirable. 

2)  Change  detection  mapping,  especially .with  filtering,  can  yield 
interpretable  results. 

RECOMMENDATIONS 

1)  Establish  Seasonal  Record  of  Vegetation  Change  -  It  is  recognized 

that  yearly  climatic  variations  can  vary  plant  phenology.   Any  attempt 
to  define  change  between  years  must  be  normalized  for  climatic  factors, 
Toward  this  end,  several  seasonal  investigations,  ideally  of  dry  and 
wet  years,  should  be  performed. 

2)  Calibration  of  the  Normalized  Difference  for  the  Piceance  Basin  - 

The  normalized  difference  can  be  expected  to  yield  predictable  results 

in  cropland,  range   grasslands  and  deciduous  shrubland  areas,  but 

should  be  calibrated  for  each  ecosystem  or  vegetation  community. 

Ground  measurements  on  Landsat  overpass  dates  will  be  required  for 
I 

such  calibrations. 

3)  Assessment  of  Filtering  Techniques  -  Filtering  can  mitigate  noise 
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caused  by  minor  spatial  misregistration  and  other  sources.   A  variety 
of  filtering  configurations  should  be  tested.   These  are:  filter  raw 
radiance  values;  filter  index  values;  filter  difference  values. 
Additionally  several  other  types  of  filtering  algorithms  should  be 
tested. 

4)  Optional  Geometric  Controls  should  be  Considered  -  A  variety  of  geometric 
controls  could  be  introduced  to  facilitate  pixel  to  pixel  registration 
for  differencing.   Any  operational  monitoring  program  should  consider 
the  use  of  control  mirrors  and/or  affine  geometric  control. 

5)  Evaluate  Trajectory  Change  Detection  -  Given  the  problems  of  extreme 
seasonal  variability  inherent  in  vegetation  analysis,  perhaps  a  seasonal 
record  of  change  rather  than  single  date  analysis  is  needed.   This 
analysis  could  be  performed  in  concert  with  recommendation  1. 
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Figure  1  -  This  illustration  represents  the  wavelengths  monitored  by 

the  four  'Landsat  sensors  along  with  the  reflectance  character- 
istics of  plants  and  attenuation  of  radiation  by  water.   Note 
the  high  absorption  of  band  5  radiation  by  chlorophyll  and  the 
enhanced  band  6  and  7  reflectance  due  to  leaf  structure.   High 
attenuation  is  noted  for  band  7  due  to  water  absorption. 
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Figure   2   -  Piceance   Creek  Test  Area  wirh  Major  Vegetation  Types   Indicated. 
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Figure   5   -   Aerial   photograph   of   Piceance   Creek   test   area.    September    5, 
1979    image   date. 
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Pigure  16  -  Changes  in  Herbaceous  Standing  Crop.Pinyon  Juniper  Woodland  (1975) 
within  the  Piceance  Creek  test  area. 
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INTRODUCTION 

This  report  describes  an  initial  effort  to  assess  vegetation  con- 
dition in  the  Piceance  Creek  Basin  of  northwestern  Colorado  using 
Landsat  multispectral  scanner  (MSS)  digital  data.   The  goals  of  this 
research  effort  were  twofold: 

1.  Provide  a  measure  of  vegetation  condition  over  a  selected 
portion  of  the  Piceance  Creek  Basin. 

2.  Provide  a  measure  of  vegetation  condition  change  between 
selected  dates. 

The  measure  of  vegetation  condition  for  this  effort  is  based  on 
results  obtained  by  Maxwell,  et  al  (1980).   The  methods  they  employed 
were  developed  for  short  grass  prairie  and  irrigated  row  crop  vegeta- 
tion.  Extension  of  these  methods  to  the  Pinyon-Juniper  forests  and 
shrublands  of  the  Piceance  Basin  cannot  be  expected  to  produce  quan- 
titatively accurate  results.   Relative  values  and  detection  of  change 
results  should  be  reliable,  however,  within  the  limits  imposed  by  the 
methods.   If  the  initial  results  are  promising,  future  efforts  should 
include  a  calibration  of  the  methods  for  the  Piceance  vegetation  types, 
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TECHNICAL  DISCUSSION 

CHANGE  DETECTION 

A  variety  of  methodologies  have  been  employed  to  extract  change 
detection  information  from  digital  data.   Todd,  1977,  suggests  an 
image  ratio  technique  whereby  Landsat  data  for  a  designated  test  area 
are  acquired  for  two  different  dates.   Subsequent  processing  produces 
a  ratio  of  Landsat  Band  5  values  for  those  dates.   Ratio  values 
significantly  different  from  1  are  indicative  of  change.   The  manner 
of  land  cover  change  was  determined  by  classifying  the  later  date 
and  comparing  the  classification  map  with  change  detection  map.   Desig- 
nating values  for  the  "degree"  or  "amount"  of  change  is  difficult  since 
the  distribution  of  ratio  values  if  nonnormal. 

Another  widely  used  change  detection  method  simply  uses  post 
classification  comparison  of  land  cover  classes  between  dates. 
(Weismiller,  et  al,  1977,  Swain,  1976,  Christenson  et  al,  1978,  Friedman, 
1978).   This  approach  eliminates  the  economy  of  initially  identifying 
areas  of  change  and  classifying  only  those  areas  of  interest.   How- 
ever, by  independently  categorizing  an  image  date,  the  impact  of 
change  due  to  the  atmosphere,  sun  angle  and  other  variations  between 
images  not  associated  with  the  characteristic  of  interest  can  be  re- 
duced. 

Investigators  have  also  used  data  reduction  techniques  to  empha- 
size particular  data  characteristics  felt  to  be  important  in  the  identi- 
fication of  change.   Techniques  range  from  costly  principal  components 
transformation  (Friedman,  1978,  Crapper  and  Byrne,  1979)  to  merely 
selecting  a  particular  band  of  interest  (Todd,  1977). 

Image  differencing  is  a  technique  that  employs  the  subtraction 
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of  one  data  value  from  another.   The  distribution  of  change  values  gener- 
ated by  this  approach  resembles  a  normal  distribution  and  therefore 
levels  of  change  can  be  designated  as  a  function  of  standard  deviation 
(Anuta  and  Bauer  1973,  Weismiller  et  al,  1977,  Christensen,  et  al, 
1978,  Computer  Science  Corp.,  1978). 

From  the  above  discussion  several  points  can  be  noted: 

1.  Data  transformations  are  useful  to  enhance  a  quality  of 
the  data  that  is  of  interest.  This  can  reduce  noise  in  the 
data  and  lead  to  economy  in  data  processing. 

2.  The  comparison  of  individual  classification  results 
to  determine  areas  of  change  is  useful  since  data  spe- 
cific noise  such  as  unique  atmospheric  effects,  or  dif- 
ferent sun  angles  have  less  effect  on  the  results. 

3.  A  variety  of  change  detection  methodologies  exist  that 
can  be  tailored  to  meet  particular  user  needs. 

In  addition  to  this  general  consideration  of  methods,  there 

are  certain  processing  problems  common  to  all  change  detection  methods. 

The  major  points  to  be  considered  are  noted  below: 

1.  Pixel-to-Pixel  Registration  -  Since  any  change  detection 
relies  on  the  comparison  of  information  describing  a  par- 
ticular ground  location  on  several  dates,  it  is  crutial  to 
correctly  identify  the  ground  unit  of  interest.   A  variety  of 
geometric  distortions  exist  in  the  raw  Landsat  data  that  must 
be  corrrected  to  allow  pixel-to  pixel  registration. 

2.  Atmospheric  Effects  -  One's  ability  to  discriminate  land 
cover  characteristics  by  remote  sensing  systems  via  elec- 
tromagnetic radiation  is  diminished  by  the  atmosphere  which 
scatters  and  absorbs  radiation.   The  extent  of  these  atmos- 
pheric effects  is  variable  according  to  the  condition  of  the 
atmosphere,  and  the  wavelength  of  the  electromagnetic  radia- 
tion. 

3.  Date  Selection  -  When  detecting  vegetation  changes,  the 
seasonal  growth  characteristics  of  the  vegetation  must  be  con- 
sidered in  selecting  appropriate  dates  for  analysis.   A  date 
when  the  vegetation  will  be  most  sensitive  to  the  change  of 
interest  should  be  selected.   The  same  date  or  dates  should 

be  used  each  year. 

A.  Surface  Wetness  -  The  presence  of  surface  moisture,  i.e. 
after  a  rainfall,  will  considerably  alter  reflected  radiance 
values,  and  should  be  avoided  when  selecting  images. 


III-Z61 


5,   Spatial  Resolution  -  The  instantaneous  field  of  view 
(IFOV)  of  the  Landsat  system  is  79  x  79  meters.   To  be 
reasonably  confident  of  the  location  within  an  image  of  an 
area  of  interest,  as  well  as  the  value  associated  with  that 
location,  any  analysis  of  Landsat  data  should  consider 
a  minimum  ground  unit  of  10  acres  or  more. 

On  the  basis  of  the  simplicity  of  implementing  and  using  differencing 

change  detection,  that  technique  was  selected  as  the  mode  of  analysis 

for  this  study.   However,  differencing  of  individual  Landsat  bands 

was  not  considered  to  be  of  any  value  for  this  application.   Rather, 

since  vegetation  condition  and  changes  in  condition  were  the  primary 

measurement  objectives  of  this  project,  the  differencing  of  vegetation 

indices  was  an  obvious  choice.   A  description  of  vegetation  indices 

and  their  use  to  quantify  vegetation  condition  is  given  below. 

VEGETATION  INDICES 

Knipling  (1970)  reported  that  two  important  factors  determining 
leaf  reflectance  are  the  light  absorbing  pigments  within  the  leaf  and 
the  physical  structure  of  the  leaf.   The  pigments  (chlorophylls, 
xanthophylls,  carotenoids,  and  anthocyanins)  are  responsible  for 
absorption  of  energy  in  the  visible  wavelengths,  but  they  do  not 
interact  with  infrared  (IR)  energy  (see  figure  1).   The  structure  of 
the  leaf  is  important  to  both  visible  absorptance  and  IR  reflectance. 
Leaf  structure  increases  the  effective  path  length  within  the  leaf  for 
the  visible  and  IR  wavelengths.   This  increases  the  opportunity  for  the 
interception  of  radiation  by  the  pigments  and  results  in  the  upward 
scattering  of  40-60  percent  of  the  near  IR  energy  intercepted  by  the 
leaf  (Maxwell,  et  al,  1980). 

Previous  work  by  numerous  investigators  has  shown  that  various 
arithmetic  combinations  of  red  and  near  IR  reflectance  radiance  values 
bear  a  close  relationship  to  biomass,  leaf  area  index,  leaf  water  and 
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Figure  1  -  This  illustration  represents  the  wavelengths  monitored  by 

the  four  Landsat  sensors  along  with  the  reflectance  character- 
istics of  plants  and  attenuacion  of  radiation  by  vacer.  Mora 
the  high  absorption  of  band  5  radiation  by  chlorophyll  and  che 
enhanced  band  6  and  7  reflectance  due  to  leaf  structure.   High 
attenuation  is  noced  for  band  7  due  to  water  absorption. 
(from  Bowker,1977.) 
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other  vegetation  canopy  parameters.   Jordan  (1969)  was  the  first  to  re- 
port the  use  of  the  IR/RED  ratio  as  a  vegetation  index.   He  used  a 
radiance  ratio  (.800/, 675  urn)  to  derive  leaf  area  index  for  canopies  in 
a  tropical  rain  forest.   Miller  and  Pearson  (1971)  demonstrated  the 
use  of  ratios  for  mapping  the  primary  productivity  of  shortgrass  prair- 
ies.  Colwell  (1974)  suggested  that  the  IR/RED  ratio  apparently  nor- 
malized for  the  variability  in  background  spectra  and  concluded  that 
the  ratio  was  useful  for  assessing  biomass.   This  background  normal- 
izing aspect  of  vegetation  indices  has  been  further  described  by 
Maxwell,  et  al.  (1980). 

Other  combinations  of  Landsat  bands  have  been  investigated  to 
assess  vegetation  biomass  and  normalize  noise.   Tucker  (1977)  inves- 
tigated several  of  the  band  combinations  and  found  only  small  differ- 
ences in  their  significance  when  regressed  with  canopy  biomass. 
Results  of  Maxwell,  et  al  (1980)  support  those  of  Tucker.   Both  in- 
vestigators suggest  the  use  of  the  normalized  difference  index  which 

is  defined  as: 

»    w   j  t^  •  e  c  Band  7  -  Band  5 

Normalized  Difference  ■  = — -t—^ — ; — ^ 5 — £" 

Band  /  +  Band  5 

Although  the  work  of  Tucker  and  Maxwell  made  use  of  data  from 
grasslands  and  irrigated  crops,  there  is  every  reason  to  think  that 
these  indices  will  also  provide  a  measure  of  the  quantity  and  condition 
of  deciduous  shrublands.   Some  calibration  efforts  to  establish  a  func- 
tional relationship  between  index  values  and  shrub  biomass  must  be 
undertaken  before  absolute  values  of  biomass  can  be  assigned  with  con- 
fidence.  However,  relative  values  from  one  location  to  the  next  and 
year-to-year  changes  should  be  of  value  prior  to  calibration. 

Application  of  indices  to  coniferous  vegetation  has  not  been 
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attempted  (as  far  as  we  know) .   Use  in  an  area  dominated  by  Pinyon- 
Juniper  trees  must  be  considered  suspect  at  this  time. 

It  should  also  be  emphasized  that  these  indices  respond  only  to 
green  vegetation  and  they  must  be  used  at  the  appropriate  time  of 
the  year.   Senescent  (brown)  vegetation  is  spectrally  similar  to  bare 
ground  and  cannot  be  measured  from  Landsat. 
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METHODS   OF  ANALYSIS 
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SELECTION  OF  CRITICAL  AREAS 

Four  areas  of  concern  were  designated  as  areas  of  critical  concern: 
on  site,  offsite  uplands,  offsite  riparian  and  offsite  spring  areas. 
Of  these  areas,  only  the  spring  areas  were  considered  below  the  reso- 
lution capacity  of  the  Landsat  sensor.   On  the  basis  of  these  critical 
areas,  a  test  area  was  designated.   Figure  2  shows  the  area  chosen  for 
analysis. 

Within  the  test  area,  five  sample  areas  were  chosen;  a  riparian 
vegetation  area,  a  region  of  high  topographic  relief,  a  chained  area, 
a  pin ion- juniper  woodland  and  the  Occi  plant  site  (see  Figure  3). 

SELECTION  OF  DATES 

Four  image  dates  were  selected  for  the  initial  tests: 
June  12,  1977  June  20,  1979 

August  23,  1977  August  4,  1979 

As  1977  is  considered  a  dry  year  and  1979  a  comparatively  wet  year, 
this  configuration  of  dates  allowed  comparison  of  both  phenological 
change  over  a  season  and  broad  climatic  changes  between  years. 
Change  detection  analyses  were  performed  for  6/12/77  -  6/20/77, 
8/23/77  -  8/4/79,  6/12/77  -  8/23/77,  and  6/20/79  -  8/4/79  image  dates. 

ANALYTICAL  PROCEDURES 

Software  existed  at  CSU  for  extracting  data  from  the  test  area 
for  the  1977  format  Landsat  Computer  Compatible  Tapes  (CCTs) .   However, 
the  data  format  of  the  1979  CCTs  has  been  changed  by  the  EROS  Data 
Center  from  that  of  the  previous  Landsat  tapes.   Initial  project  acti- 
vities were  aimed  at  software  development  that  would  allow  these  tapes 
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Figure  2   -  Location  of  Occidental  Test  Area  Within  Piceance  Greek  Basin 
Area,     (from  Oil   Shale  Tract  C-b,1976.) 
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to  be  input  to  CSU's  Landsat  Mapping  System  (LMS) .  Ultimately  it  was 
determined  that  the  two  1979  tapes  were  also  in  different  formats  and 
further  modifications  were  necessary. 

The  next  step  in  processing  was  to  digitally  overlay  the  image 
data  for  each  pair  of  dates  to  be  compared.   Implicit  in  this  procedure 
is  geometric  control  of  the  images  such  that  there  exists  a  pixel- 
to-pixel  correspondence  between  the  two  data  sets. 

The  1977  data  sets  were  transformed  via  systematic  geometric 
corrections  for  earth  rotation,  scanner  mirror  velocity,  and  rotated  and 
scaled  to  conform  to  a  1:24,000  (7-1/2')  topographic  sheet  of  this  area. 
The  new  format  CCTs  (1979  image  dates)  had  been  geometrically  corrected 
at  the  EROS  Data  Center  such  that  line  printer  displays  produced  a  map 
with  an  approximate  scale  of  1:25,000,  and  skewed  13  E  from  True  North. 
Therefore  each  1979  format  tape  was  rotated  and  rescaled  to  conform  to 
a  1:24,000  topographic  sheet.   A  minor  delay  was  experienced  to  perform 
the  software  modification  necessary  to  accomplish  these  geometric  con- 
trols for  the  images.   Geometric  accuracy  for  both  the  1977  and  1979 
images  is  expected  to  be  within  one  resolution  unit  (pixel) . 

Having  geometrically  controlled  each  of  the  data  sets,  the  vege- 
tation index  for  each  data  set  was  computed  and  added  to  each  data  set 
as  a  fifth  channel  of  information.   The  data  sets  were  then  merged  for 
comparison  and  differencing  of  the  vegetation  index  (Band  5)  was 
performed.   A  histogram  of  difference  values  was  generated  and  used  to 
select  thresholds  for  mapping  intensity  of  change.   These  intensity  of 
change  values  in  both  positive  and  negative  directions  were  displayed 
via  line  printer  output  as  gray-scale  maps. 
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RESULTS  AND  DISCUSSION 

GRAYMAPS  OF  MSS  BANDS  5  AND  7 

The  Landsat  data  for  the  test  area  are  presented  as  line  printer 
gray-scale  maps  (graymaps) .    Each  pixel  is  represented  in  this  out- 
put by  a  single  character;  the  darker  line  printer  characters  are 
representative  of  pixels  of  less  radiance.   Character  spacing  is  8 
lines  per  inch  and  10  columns  per  inch.   These  graymaps,  are  at  an 
approximate  scale  of  1:24,000  and  are  oriented  to  True  North. 

Figures  4  and  5  are  graymaps   of  the  June  1979  image  for  Band 
5  and  7  radiance  values.   In  the  Band  5  image,  we  see  that  the  Piceance 
Creek  area  is  the  darkest  region  within  the  graymaps;  conversely  in 
Band  7  we  see  that  this  region  is  among  the  lightest  regions  (highest 
detected  radiance) .   This  illustrates  the  effect  of  the  chlorophyll 
absorption  region  of  Band  5  and  the  enhanced  infrared  reflectance  re- 
gion that  characterizes  the  appearance  of  vegetation  in  Band  7. 

Also  of  note  in  Figures  4  and  5  are  the  areas  of  relief  north  of 
Piceance  Creek.  The  effect  of  relief  can  be  studied  by  considering  the 

irradiance  at  the  Landsat  sensor  to  be  expressed  as: 

4 
„,    .oHTaTocos  &.*  .  . 

H  =  (   4  (F/D)2   >*sxn* 

substituting  the  Landsat  sensor  parameters  F,  D  and  T  by  the  constant 
K  we  have 

H*  =  (pTctHK)*sin$  (1) 

where  H1  =  irradiance  of  sensor 

H  =  irradiance  of  target 

p  =  reflectance  of  target 

Ta  =  transmittance  of  atmosphere 

III-270 
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i:  Figure  A  -  Landsat  Band  5   Graymap   for  Occidental  Test  Area.    6/20/79 
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T0  =  transmittance  of  optics 

cos^0  »  term  accounts  for  off  axis  targets 

D  =  optical  diameter 

*  =  effective  illumination  angle  including  solar 
elevation  and  slope-aspect  effects. 


Topographic  influence  can  then  be  modeled  as  a  multiplicative 
factor (sin$)  where  <J>  includes  the  effect  of  the  slope  and  aspect  of 
the  pixel.   High  topographic  relief  is  characteristic  of  the  Piceance 
Creek.  Basin  and  has  a  marked  effect  on  the  reflectance  characteristics 
of  a  pixel. 

VEGETATION  INDEX  RESULTS 

The  normalized  difference  value  used  in  this  analysis  can  be  repre- 
sented in  a  simple  form  as: 

m   =  M  (2) 

substituting  equation  (1)  into  equation  (2)  we  have: 

(p-  Ta?  HK)  *sin<t>  -(p  Ta  HK)  *sin<S> 


H'  = 


p?  Ta?  HK  *sin4>  +  (p  Ta  HK)*sin 


which  simplifies  to, 

p,Ta_H  -  P-_Ta.H 


7XQ7"   *5"»5"  (3) 


H'  = 


P7TayH  +  P  Ta  H 


Additionally  it  should  be  noted  that  if  the  atmosphere  attenuation 

factor  Ta  is  assumed  equal  for  Bands  5  and  7,  the  result  is  further 

simplified  as, 

P7H  -  p  H 

.,  _ L  (*> 


H»  = 


P?H  +  p5H 


111-^73 
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This  assumption  of  equal  attenuation  for  Bands  5  and  7  is  not  entirely 
valid  since  atmospheric  attenuation  is  wavelength  dependant.  However, 
it  is  a  reasonable  approximation  for  these  two  bands. 

The  above  analysis  is  presented  to  stress  the  normalization  effect 
of  the  vegetation  index  which  can  be  expected  to  improve  between  date 
comparisons  through  the  reduction  of  atmospheric,  topographic  and  soil 
background  multiplicative  factors. 

Figures  6  to  9  are  graymaps  of  the  vegetation  index  for  the  four 
image  dates.   Piceance  Creek  is  the  darkest  portion  of  the  test  area 
indicating  it  to  be  a  region  of  substantial  green  biomass.   Areas  of 
high  relief  no  longer  contain  the  obvious  topographic  influences  noted 
in  Figures  3  and  4.   Comparison  of  these  vegetation  graymaps  with  Fig- 
ure 10  (a  black  and  white  air  photo  of  the  region)  indicates  that  any 
topographic  relief  that  is  indicated  by  the  vegetation  index  map  is 
generally  a  result  of  low  vegetation  associated  with  topography. 

The  August  1979  master  image,  as  generated  at  the  Goddard  Space 
Flight  Center,  contained  poor  quality  Band  4  and  5  data.   Since  Band  5 
information  is  incorporated  in  the  vegetation  index,  the  August  1979 
vegetation  index  map  exhibits  an  East-West  striping  or  banding  pattern. 
To  counter  this  banding,  and  reduce  random  noise,  the  data  were  digitally 
filtered. 

Filtering  is  performed  by  a  moving-average  filter  that  sums  the 
8  surrounding  pixels  as  well  as  the  pixel  of  interest  and  computes 
a  weighted  average  as  shown  below.   The  radiance  value  of  the  pixel 
of  interest  is  replaced  by  this  weighted  average  radiance  value. 
Filtering  was  performed  on  the  original  data  for  each  band.   Figures 
11  to  14  represent  filtered  vegetation  index  maps  for  the  study  area 
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Figure  6  -  Vegetation  Index  Graymap  for  Occidental  Test  Area. 
6/12/77  Image  Date. 
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Figure  7  -  Vegetation  Index  Graymap  for  Occidental  Test  Area. 
8/23/77  Image  Date. 
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Figure  3  -  Vegetation  Index  Graymap  for  Occidental  Test  Area. 
6/20/79  Image  Date. 
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4*X8X4. 4444444444334  4 4 4 4 44 44 3 3 3 XX *« XX 9 • I I • * 4 .  44. .4. 4.*      43 44 .. 4444444 4444 444 3 334 4444 44 4 

S»X94.4«"4«444444434. 4444444444444**3*  BOM  •••«*=  X»9X  *4  44  I  *4  .44  4  .  444444  4444  .  43  *3  44443  4  444 
4XJ4..44.       .4.   44444444444S344443443344444)tl«l«*1*«<f  ■0X43  =  =3!44<444      44.444  4443  4.4*3  4  44  344  444 

■  II 4444  4.444433  4  33  4444444  3 4 4444* •( 4 494 8 8 8 1 | |1*  XXX«X*X3=3  444...      4  44444443.444  44  4444 

»X*. . 44 44... 4 444444443X4=3 444 44== 444= 43 »4 449X4 8 9XX19XX»X99B 9 1*3  .4      .44  4444. 433  444444  4  444 

«X3.4444  44  .44444444431  444444344=  44444=*X  9**11=  X*  =  *1*X9999B4«.*2Q»*=*44.  •••..*=«  444444  4444 
3444444344  44444444. 44 3 4 4 44 3 3 4 3 4 44 4=3 44 J      1(44444444      4** X M 9 99 f I t 8 t H*  44       ..4*4  4444  44444  4 

4      4444  4  44  44.. 4 4  44444 . 44*44  3= 44 33  3 43  3=3 44 X* X*4 433 44*441333 X3X3 34 340 0 9 B 44  ,4*444,4444444  4 

. . 4444  444  444, 444444444 4 44343 34 ==3 4====44 XX =4443443=.. 43= *==*3 44 00400 9 8*4 44*** 3 44. 44. 44 ..4= 
44444444444444. 4 4  4-4  444 4 4 4 4 4 3  =  4 43 3 4 4  =  44 3 * X X  * 4  4444.4%  44434**« Q| 90999 9  I 83 *  It  44 . 4 .  ,44444444 
4. 44444444444. 4 44  44 44 4  4  •  «4  =  •  3  =3=  =  =  3  «*4=X  Q  •  X  *  . 4. 44  .34 4444444**944440 4 19 X X * * *=  .       44.44444 

.       444 ,44444.  .  4..       44444444433 4= 4 43 444 44441 Q 4X  = 44 . 4  444,444443 4* X23 99904 4 99X      X3M  .44.44 
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44444.44,.  .. 44  4  4444444444 4 44444444*X» 3. 4444444XXX 4*4  4 13444 444 . 4444444 4. 4444444*4 4444444 
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.44-.4  44  43  4444  444.444, 4444  44 » 4X3  44. 4XXX44. 4  44444  4444  4      .44444444 444 4  44444444444444  44  4.       4 
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i  i.»xmi{>k»m  Figure  9  -  Vegetation  Index  Graymap  for  Occidental  Test  Area. 
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4  S4«*44x34s**4    4 

i  t*MtM«««»,  «»*43a**.  ,MNsss»ss**«s  Biomass  Levels 

r  444*44444,  •****4*«s*ttt.«4*==3t344X44x*4  -.cvcxa 

1  ..     ,.»•••••».. **4...     :i.»«I«:3Sm««JI 

\\  :::::**Mi;!!"?HiiS^:Ih»ti:^iH       Symbol  Index  Value  Green  3iomass  (kg/ha) 

12  •  »4«**4»X4*     33      •  *,**      «ll31t«*3 

13  *«       ,){it    ni<i,t.,iii<.H4:     ♦si*       if* 

1*  .   .♦..♦«..       .nM»».„*iHi»».»x  y  1-90  0    ("water") 

i<         t*.****.     <!{:#•»*  •»*•  .34434s. six.  91-121  0    Cbare   soil      middv  water') 

17  .4i:ii.M>>:iti{        .3 *3x, *3|«U ,1x3344  *■*■    •>*■*  «     vU4lB    auui     u-uuu.y    water; 

t  •  **    .u:.,ni>ii.if    .«tn   ****3 »44«*  122—125  D— 1  75 

1*.  43      s      .s..3»xx      4  =  *43  *•«•*-.         »!•«•«•  *  ■*■****    ,LA-'  u    ■L/J 

2:  zf3*s*.«3*«  .**  •«»•>!  ••♦..»!   «3=«  +  126-130  175-400 

21  ,*4*44** 3844*4    ♦        f«  a***     :I9i>..i.,  x**°     iJU  ■L/J     HUU 

22  .«..♦.♦.•»..«••**♦  ..444x444*  ♦  .♦  *  131-137  400-1000 
2*  .  *«**«***«***3*.3»«»**4X8X«.  .  •  •  ■LJX  XJ/  HUU  xuuu 
24  •♦♦»«♦»     i.«.».t»i»« s«:     3j>s                      -,                  138-147  1000-2000 

2«  X»33.       ,***44       *»3    *4*.4»«3s 44x3*****4  -*-JO     ■LH/  J.UUU     iUUU 

2S  .333.  .  •44.3434443333X3*33444      .33  X  148-157  ^000-4000 

27  *      8      .*44=*.  .4*.      •     4**333434      •14.4*3*  *  0.-4O      J.  J  /  -UUU      HUUVJ 

I?  ;!;,;=,...:  •::"«,^55:sr  :"•:.=...  *         158-169      4000-8000 

\i  ,;5,h2S"**»{:  ."a.*,,::;,-:;::!..:!!  «         170-180      8000-20000 

H  l.«5«.5-U^:r.;fil.:{**:»*:tt"!ss  «         181-191      20000-40000 

3-  iVxZ£tl£i*ilVtt:.z *  •:::4»««*:  0         192-202      40000-80000 

5I  n~,«l!.,«iiU;.~  ::;n,*.:*.:*::  •         203-213      so.ooo-ieo.ooo 

J»  ....::ii!tlIIC<>:-.        .xa*X3.=**=     .«..  "  ZlH-ZJO  10U.UUU 

«•  ••.iifii:ii<iii<:>i««:<   *3*«     s*   **sx 

*l  44M3X*XX4444X99»4«»*4*     MM»3».     «*..*XX 

4«  .(i.a.tf  i*it*ii ilitliaiz    .*♦•       ««t*4«33Sx       4«««»sx443=      X3,»«33.*44s       4133=444444    a3|«3ns 

♦2  ..s  =  ==.433..lX»*.9X».=4s.XXs»...*,»XXx.«      Mss»«    4X. .4xxx3x.«*«3ix    s    .••«s»X =4*=3=***3333X4 

44  M»3S«*   »X  II  J2  •  I  .44I3  •  .  •***  .     ••    »=3  =  »   f  =  »«   *3,»344**3*»»*»33334«    •■  33  ••«.«33  •.  43333  ♦  X  4 

45  4*34*33*  :aij:UHl<»IiI»I:.-<  Jy.w  •3=**43**.  liK*»»i  XX3344344334  >4{:i>|.<«:<  » 
«t  •••33.        •:i>UIM:i):):<>f:»II1l^::i          •(34*433333,:.       *333333S**«X»4= •    3X3334*43444     *-j* 

I'  844444.  .  3*1  ;i  MUMiiil  *!•  ••!)>">      3X44*****4,34.,»33«««3S¥43«     *3««33#«. .4X334***34*         441 

♦  4  ••  3ffX3XX*M      I4*«XX444I»CXX4II  =  4X3.  »*>  .33X34*3. **43*.*33444*      48 44*. * 4333X333 .*  «  43      4343 

4*  4=4*.  4434JXIX34X-24I44.»».41H»4igC3Q8**»**»=S.  444  =  343  =  4  =  ==*  *4>33**33*«***«**..*3*  3(3X 

5  •  (lUtiitMsH*    XRX4X2e»4»«l2«X4433t>        •3S«««* X33T«X***a»«««xx*    .S3l:«u.....:j5:..«.< 

Si  •«.. .•«g»Z*|3,.S3333XX44««QXfllllllf«34XX4.*33«  .--.-.I....  XX3*S4«X333  f 4=33 433 »=X ♦.       . 

•I  •«      •4IJI»43*«  •S**HlH4»»««»IX3»IIJ«4      X«4334.      3*««      . »  .» 3  *=♦♦-»  t  =  .  .  +  ♦■.»=  .  =  ===..  3  .       »«••=.«• 

■J  3.»=XICX333*.. 33**48. ,JX4IX1««t       3 •* 5 X33 X . • «S .  .  33»*3**3=*      * 8«4333**«4 I 3X3 •••* 4      .»•      • 

*4  .•»in(.Ii.,,.<..>t»«.<sitl«IU<JIIIIM«(IIIIJ .s...«53...,  ...,..ji:4ij.u.j^::.. 

««  ••  =  »eC«**xx4*o»S3»13  :3»:MIMHMHIitIIIHll<:(<nil«««*««*     •  a«8S3*  4X.X34***3*«*4X4  *• 

!a  •*«»I3=  •»"«»3..  3  434t.»:3«x«4xit  SXN'X  l«X»*»3  ••Xa«4XM4f3*=3a  .    .•  *xxx44x  .  .3x*«*xr4«*« 

5'  *,XX»3  .,.,.:...:...f:iIt.«.c..^.IllllUaiI>U  ll....3::..lMt.33.   .  •  4444*43334   .•• 

J*  IX)»»*3.4«««*»3»  .*««.S3  4*-JX  48433  44X33  4*433  XX  MX  4  3  »XQB  148X24333  44  3*8  4..  ••••••33  4..  333413334* 

««  :illH«'t<»«. n"l««»H««»:UIIfn»X««»«Jimi»     I33XXXX     3033.3*.. ..3     3*     •••x««33****     • 

t,'  J  4  4=..  ♦!..•*       ••X*«.4X3S43»a»«333*38  4S3*XXXQXS0««Q9aX#3****3  48XXX3X9Xi-3*3*44««***33»S=3*«** 

t\  iXX******.  ••«••••    *•       .•.•3834444433a**4xe*3Zllxt|fl«gt)XX4«2x3XX333333**34*    s    ,.t::|i.:(i:... 

ll  313.       ••••**33««*«33=X=3  .••X*33334S****39)48X*X*444)3*IX      13 •« 09 • • • « 3 3  * *  .43*  .**33*** 

S3  44«      •*  ♦••3»X».»3*34444*=3;3333»*.»»*.*«S3J|3  .3*««3***XX4XX3»«0I»«1X4  X4433*3.       .  .«** 

,«  •  .*!••••  =  »,    ••3»«XZ*«33XX334433333«      . .3 |Q •«« «••* .       4 333 4#X000 *-M  90*»« X X**      .*4X4***«      33***** 

65  •       .♦«.•♦. *=3*«*«*.»       «3.=  HH:3333S3*.*l>:i:.t3(*i«.i:H:<n39  1 1*  f  I  S  ft  t  44 1 X  =  ••*  **«4 

,t  *••••••••••«*. •••••s     •«••«*        :.«.:::«.tmt«l:)".fl^..«+.IIH<.nH»U»«H3«n-...:.     • 

a 7    '      •*••*•«••••«••* 33 •••*.  *•••*, *«*3*«*z**a4«:X3*.*«««****43  4I 43 4XM*»t>**X*»X  4a 4x *.  *««XXII*XX33X 

,  J  3  ••«««••  S3  •••••«•  ••«**.       .  ,  ..  4  3..*  «.!!»*  IX  X  •*-*•**.*  *3*****-*33  3  3  8  4  |J  J  I  4  «  <]  ••■4  4X3  4  1  I  «■..-.. -t  3  «  »  . 
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Figure  10   -  Aerial   Photograph  of  Occidental  Test  Area.    9/5/79   Image  Date. 
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:::::*.  Figure  ll  -  Filtered  Vegetation  Index  Graymap  for  Occidental  Teat  Area. 
::H:i  6/12/77  Image  Date. 
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Figure  12  -  Filtered  Vegetation  Index  Grayma?  for  Occidental.  Test  Area. 

8/23/77  Image  Date. 
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j;  Figure  13  -  Filtered  Vegetation  Index  Graymap  for  Occidental  Test  Area. 
0/20/79  Image  Date. 
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Figure  14  -  Filtered  Vegetation  Index  Graymap  for  Occidental  Test  Area. 
8/4/79   Image  Date. 
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Figure  16   -  Grassland  Range  and   Irrigated  Crop   Green  Biotnass   Levels  V3 
Normalized  Difference  Vegecacion  index  Values 
(from  Maxwell ,et.al. ,1980.) 
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for  the  four  image  dates.   Salt  and  pepper  noise  and  the  banding  were 
both  reduced  by  the  filtering. 

Another  aspect  of  low  pass  filtering  is  its  effect  on  the  spatial 
resolution  of  the  data.   This  can  be  evaluated  by  considering  the 
modulation  transfer  factor  of  the  Landsat  MSS  system  before  and  after 
filtering  as  is  shown  on  Figure  15.   The  cut  off  frequency,  vc,  is 
defined  as  that  frequency  corresponding  to  the  0.707  value  for  the 
modulation  transfer  factor.   Therefore  from  Figure  15,  we  see 
that  the  effective  spatial  resolution  for  unfiltered  data  reflects 
the  56  meter  sampling  rate  of  the  MSS  system.   The  same  data  after 
filtering  has  an  effective  spatial  resolution  of  120  meters. 

From  the  above  it  is  evident  that  filtering  should  mitigate 
errors  caused  by  slight  misregistration  of  image  dates  being  compared 
and  will  reduce  noise  and  banding  of  the  data  on  invividual  dates. 
However,  these  benefits  are  gained  at  the  loss  of  spatial  resolution. 

CHANGE  DETECTION  RESULTS 

The  significance  of  the  magnitude  of  change  values  in  this  analysis 
varies  according  to  the  biomass  level  being  considered.   Figure  16 
illustrates  the  relationship  between  index  values  and  expected  green 
biomass  for  grassland  range  and  irrigated  hayfields.   For  index  values 
greater  than  136  (1000  kg/ha)  a  linear  relationship  exists  between 
index  values  and  the  logarithm  of  rangeland  green  biomass  values.   Index 
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values  less  than  136  exhibit  a  curvilinear  relationship  with  the  log- 
arithm of  green  biomass.   Change  values  in  this  analysis  are  based 
on  vegetation  index  values  rather  than  biomass  levels,   therefore  the 
magnitude  of  change  described  in  this  report  cannot  be  directly  related 
to  absolute  biomass  change.   To  achieve  an  absolute  biomass  change  value, 
two  models,  a  high  biomass  model  for  areas  greater  than  1000  kg/ha  bio- 
mass and  a  low  biomass  model  (less  than  1000  kg/ha)  are  necessary  to 
relate  vegetation  index  or  change  values  to  biomass  levels.   This  effort 
was  not  pursued  as  the  functional  relationship  between  the  pinyon-juniper 
species  of  this  area  and  the  vegetation  index  is  not  yet  known. 

August  1977-1979  Comparison 

A  comparison  of  the  August  1977  and  August  1979  vegetation  index 
maps  (Figures  7  and  9)  indicates  a  general  overall  increase  in  biomass 
for  the  1979  image  date.   Table  la  indicates  substantial  biomass  increase 
in  most  all  sample  areas  (see  Figure  3).   This  is  to  be  expected  since 
1977  was  a  drought  year  and  the  1979  season  experienced  normal  or  above 
normal  precipitation.   Strong  negative  change  is  noted  at  the  Occidental 
plant  site.   Development  at  the  plant  site  occurred  after  the  1977 
image  date,  therefore  the  change  detected  in  this  area  is  the  conver- 
sion of  rangeland  to  bare  soil. 

The  change  detection  map  (Figure  17)  also  shows  these  changes. 
However,  regions  of  strong  negative  change  are  also  found  within  the 
Piceance  and  Willow  Creek  Valleys.   Slight  misregistration  could  cause 
these  negative  change  values  if  1977  riparian  vegetation  is  compared 
with  1979  highland  vegetation. 

The  negative  change  within  these  valleys  could  also  be  caused  by 
the  effects  of  water  in  areas  of  increased  flow.   Figure  1  indicates 
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Table  la 
OCCIDENTAL  SAMPLE  AREA 
RAW  DATA  VALUES 
(Mean  Value  (Standard  Deviations)) 


Sample  Area 

Date 

Source 

6/12/77 

8/23/77 

6/20/79 

8/4/79 

Riparian 

43(16) 

38(18) 

17(7) 

26(12) 

High  Topographic 

Relief 

80(26) 

63(25) 

39(12) 

39(11) 

Chained 

93(9) 

'  77(8) 

52(7) 

45(4) 

Band  5 

Pinyon  Juniper 

64(9) 

50(8) 

34(4) 

32(5) 

Occidental 

Plant  Site 

96(13) 

75(9) 

79(6) 

78(8) 

Riparian 

144(13) 

91(12) 

84(7) 

82(8) 

High  Topographic 

Relief 

87(23) 

62(22) 

45(11) 

47(12) 

Chained 

94(8) 

69(8) 

55(5) 

51(4) 

Band  7 

Pinyon  Juniper 

73(8) 

51(7) 

39(4) 

41(4) 

Occidental 

Plant  Site 

100(10) 

80(7) 

65(5) 

69(7) 

Riparian 

193(18) 

178(20) 

208(14) 

190(22) 

High  Topographic 

Relief 

131(5) 

125(6) 

133(6) 

137(12) 

Vegetation 

Chained 

125(3) 

118(3) 

128(3) 

133(5) 

Index 

Pinyon  Juniper 

132(5) 

126(6) 

134(5) 

139(6) 

Occidental 

Plant  Site 

128(3) 

123(4) 

112(3) 

117(5) 

Riparian 

45,000 

18,000 

110,000 

31,000 

High  Topographic 

Relief 

500 

175 

700 

1,000 

Approximate 

Chained 

175 

0 

250 

700 

Biomass* 

Pinyon  Juniper 

600 

230 

800 

1,100 

(Kg/Ha) 

Occidental 

Plant  Site 

250 

110 

0 

0 

The  biomass  levels  presented  here  are  based  on  grassland  vegetation  index 
relationship  described  in  Maxwell,  et.  al.  1980.   Any  extrapolation  of  these 
values  to  the  rangeland  communities  that  characterize  the  Pieance  Creek 
area  are  suspect  until  adequate  calibration  for  those  communities  is  per- 
formed.  Therefore,  these  values  should  be  considered  as  approximate. 
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Table  lb 
OCCIDENTAL  SAMPLE  AREA 
FILTERED  DATA  VALUES 
(Mean  Value  (Standard  Deviation)) 


Sample  Area 

Date 

Source 

6/12/77 

8/23/77 

6/20/79 

8/4/79 

Riparian 

43(10) 

35(7) 

18(3) 

26(5) 

High  Topographic 

Relief 

80(20) 

63(19) 

39(9) 

39(8) 

Chained 

93(6) 

76(5) 

52(5) 

44(3) 

Band  5 

Pinyon  Juniper 

63(6) 

49(4) 

33(3) 

32(3) 

Occidental 

Plant  Site 

96(8) 

76(6) 

76(5) 

75(6) 

Riparian 

142(14) 

91(10) 

82(6) 

81(6) 

High  Topographic 

Relief 

88(18) 

62(17) 

45(9) 

47(9) 

Chained 

94(6) 

68(5) 

55(4) 

51(3) 

Band  7 

Pinyon  Juniper 

72(5) 

51(3) 

39(2) 

40(2) 

Occidental 

Plant  Site 

100(6) 

74(5) 

64(3) 

67(4) 

Riparian 

191(14) 

180(12) 

205(10) 

189(11) 

High  Topographic 

Relief 

130(3) 

124(4) 

133(4) 

136(6) 

Chained 

125(2) 

118(2) 

128(2) 

133(3) 

Vegetation 

Pinyon  Juniper 

133(3) 

127(3) 

134(3) 

139(4) 

Index 

Occidental 

Plant  Site 

127(2) 

122(2) 

114(3) 

118(3) 

Riparian 

40,000 

20,000 

100,000 

30,000 

High  Topographic 

Relief 

400 

200 

700 

900 

Chained 

175 

0 

250 

700 

Biomass 

T      1   * 

Pinyon  Juniper 

700 

240 

800 

1,100 

Levels 

Occidental 

Plant  Site 

240 

40 

0 

0 

The  biomass  levels  presented  here  are  based  on  a  grassland  vegetation 
index  relationship  described  in  Maxwell,  et.  al.  1980.   Any  extrapolation 
of  these  values  to  the  rangeland  communities  that  characterize  the  Piceance 
Creek  area  are  suspect  until  adequate  calibration  for  those  communities  is 
performed.   Therefore,  these  values  should  be  considered  as  approximate. 
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the  high  attenuation  of  water  in  the  Band  7  region  of  the  spectrum. 
Such  attenuation  causes  a  very  low  vegetation  index  value  to  be  recorded 
for  water  (typically  10-100,  depending  on  sediment  load).   These  values 
are  generally  below  those  of  bare  soil.   Therefore,  any  vegetated  area 
within  the  flood  plain  for  the  1977  season,  when  contrasted  to  index 
values  for  water  in  the  1979  season,  would  produce  negative  change  values 
These  strong  negative  change  areas  result  in  high  standard  deviations 
for  the  riparian  areas  as  seen  in  Tables  la  &  lb  and  Table  2. 

The  remaining  strong  negative  change  values  found  in  the  upland 
regions  of  the  test  area  are  generally  associated  with  discrete  topo- 
graphic changes  (valley  areas)  and  suggest  slight  misregistration  on 
the  order  of  -  1  pixel. 

Prominent  striping  was  noted  for  Band  5  MSS  values  and  their  effect 
was  noted  in  the  1979  vegetation  index  map  (Figure  9) .   This  striping 
would  contribute  to  the  noisy,  salt  and  pepper,  change  results  found  in 
Figure  17.   A  review  of  standard  deviation  values  associated  with  all 
change  analysis  (Table  2)  indicates  higher  standard  deviation  in  anal- 
ysis using  the  8/4/79  data.   Striping  is  a  result  of  the  MSS  instrumenta- 
tion and  has  no  relation  to  any  changes  in  ground  characteristics  or 
misregistration. 

Figure  18  represents  the  change  detection  map  of  this  area  for 
filtered  radiance  values;  filtering  was  applied  to  Band  5  and  Band  7 
radiance  values  prior  to  the  calculation  of  the  vegetation  index.   The 
most  strongly  negative  change  regions  in  Figure  17  have  been  eliminated 
or  reduced.   Overall  this  filtered  change  detection  map  shows  a  reduc- 
tion of  noise  (salt  and  pepper)  indicating  misregistration  as  a 
definite  contribution.   Standard  deviations  associated  with  change  values 
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in  the  filtered  analysis  are  significantly  lower  than  unfiltered  values 
for  all  change  analyses  (see  Table  2) .   Mean  values  are  not  substan- 
tially different. 

Of  note,  particularly  in  this  filtered  change  detection  map  is  the 
plant  site.   Filtering  has  not  reduced  our  ability  to  detect  this 
large  area  of  severe  negative  change. 

The  standard  deviations  associated  with  each  sample  area  (Tables 
la  &  lb  and  2)  are  descriptive  of  the  difficulties  to  be  encountered  in 
any  sampling  strategy  where  a  specific  value  is  to  be  associated  with 
a  specific  ground  location.   The  sample  values  for  the  riparian  areas 
exhibit  particularly  large  standard  deviations.   In  addition  to  the 
striping  and  misregistration  difficulties  mentioned  previously,  this 
reflects  the  difficulty  of  locating  "pure"  riparian  pixels.   The  reso- 
lution of  the  Landsat  sensor  is  large  compared  to  the  feature  of 
interest  resulting  in  a  substantial  number  of  samples  that  are  a  mixture 
of  riparian  areas  and  nonriparian  surrounding  areas.   In  upland  areas, 
a  substantial  variety  of  vegetation  communities  exist  (see  Figure  2) , 
but  at  Landsat  resolution  they  are  more  homogeneous  over  large  areas, 
when  compared  to  the  riparian  region,  resulting  in  lower  standard  devia- 
tions being  observed. 

Upland  changes  are  most  obvious  in  this  analysis  and  considerable 
variety  exists  between  values  associated  with  the  grasses  and  shrubs  of 
the  chained  vegetation  sample  area  and  the  trees,  grasses  and  shrubs  of 
the  Pinyon-Juniper  sample  area  (see  Table  2).   The  larger,  more  deeply 
rooted  trees-shrubs  of  the  Pinyon-Juniper  communities  would  be  expected 
to  change  less  due  to  drought  than  the  grasses  and  shrubs  in  the  chained 
areas . 
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June  1977-1979  Comparison 

The  most  apparent  characteristic  of  the  June  1977-1979  change  de- 
tection map  (Figure  19-20)  is  its  overall  noisy  (salt  and  pepper) 
quality,  in  the  upland  regions.   This  is  consistent  with  the  growth 
characteristics  of  the  vegetation  within  this  region.   Upland  vegeta- 
tion appears  to  begin  growth  later  in  the  season  than  the  riparian 
vegetation.   In  drought  or  non-drought  years,  vegetation  growth  in  upland 
regions  is  too  sparse  in  June  to  be  detected  by  the  vegetation  index. 
Low  change  values,  +2,  are  noted  in  upland  sample  areas.   Overall 
upland  change  is  small  and  highly  varied. 

Riparian  communities  develop  more  rapidly  and  the  change  values  in 
this  area  reflect  the  greater  development  in  1979  due  to  more  water. 
The  riparian  sample  area  for  this  analysis  exhibits  the  strongest 
positive  change  (+16)  observed  anywhere  for  this  analysis. 

The  plant  site  is  clearly  defined  in  this  change  detection  analysis 
and  a  change  value,  -15,  is  noted.   The  better  definition  of  the  site  in 
this  spring  analysis  rather  than  in  the  fall  analysis  is  probably  due 
to  the  absence  of  striping  in  the  June  image  data. 

The  southeast  corner  of  the  test  area  during  the  June  1977  over- 
pass was  obscurred  by  clouds.  This  is  expressed  on  the  change  detec- 
tion maps  as  an  area  of  strong  negative  change. 

1979  June-August  Comparison 

As  mentioned  previously,  the  striping  within  the  1979  August  image 
has  a  strong  impact  on  change  detection  values  (Figure  21-22) .   The 
upland  regions  are  characterized  by  positive  change  while  the  riparian 
vegetation  of  the  Piceance  Creek  area  is  characterized  by  substantial 
negative  change  (Table  la-b) .   The  negative  change  is  expected  due  to 
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the  harvest  of  these  grassland  areas  for  hay.   The  positive  upland 
change  is  in  agreement  with  seasonal  biomass  curves  for  typical  upland 
vegetation  communities  (Figures  23a-b) .   It  should  be  recognized  that 
the  biomass  levels  for  these  communities  are  highly  variable  due  to 
the  particular  seasonal  characteristics  of  any  one  year.   These  graphs 
are  presented  merely  to  indicate  that  biomass  levels  of  these  communi- 
ties are  expected  to  be  higher  during  midsummer. 

1977  -  June-August  Comparison 

The  results  of  this  analysis  contrast  sharply  with  those  of  the 
1979  seasonal  results.   The  change  detection  map  for  the  1977  season 
(Figure  24-25)  is  characterized  by  negative  change.   We  can  speculate 
that  since  this  was  a  drought  year,  lacking  summer  precipitation,  the 
vegetation  development  during  spring  that  utilized  winter  meltwater 
i  was  the  maximum  biomass  period  for  that  season  and  senescence  occurred 

early.   The  drought  appears  to  be  characterized  by  this  overall  nega- 
tive change  within  the  test  area. 
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Figure  20  -  Filtered  Change  Detection  Graymap  for  6/12/77  -  6/20/79 
Differencing. 
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Figure   23 i-  Changes    in  Herbaceous    Standing  Crop  Pinyon  Juniper  Woodland 

(from  Oil    Shale   Tract   C-b,1976.) 
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Figure  23k-  Changes  in  Herbaceous  Standing  Crop 
(from  Oil  Shale  Tract  C-b,1976.) 
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CONCLUSIONS 

1)  The  normalized  difference,  vegetation  index  appears  to  describe 
vegetation  biomass  changes  in  the  Piceance  Creek  test  area.   The 
normalization  qualities  of  this  index  are  desirable. 

2)  Change  detection  mapping  using  the  vegetation  index  can  yield 
interpretable  results. 

3)  Low-pass  filtering  provides  a  means  of  mitigating  noise  due  to 
striping,  misregistration  and  local  changes.   A  loss  of  spatial 
resolution  results. 

4)  The  spatial  resolution  of  the  Landsat  MSS  is  marginally  adequate 
for  monitoring  the  Piceance  Creek  drainage.   It  is  inadequate 
for  monitoring  other  drainages  of  the  test  area. 

5)  Three  levels  of  change  values  appear  to  be  suggested.   Values  of 

+15  appear  to  be  associated  with  severe  disturbance  (i.  e.  Occidental 
Plant  Site) ,  the  harvest  of  riparian  areas  and  variation  between 
drought  and  nondrought  years  for  upland  and  riparian  regions  during 
the  Fall,  and  riparian  regions  during  the  Spring.   Values  of  +7 
appear  to  be  descriptive  of  changes  for  most  areas  over  a  season. 
Change  Values  of  +2  appear  to  be  noise  or  variations  due  to  local- 
ized conditions.   Misregistration  within  riparian  areas  may  produce 
severe  false  change  (+15)  while  within  upland  regions  the  effects 
are  more  moderate. 

6)  Riparian  vegetation  changes  are  most  dramatically  monitored  during 
the  Spring.   A  Summer  date  appears  most  effective  for  monitoring 
the  level  of  upland  vegetation  development  or  change.   The  choice 
of  an  optimal  date  for  the  analysis  of  either  of  those  communities 
would  involve  complex  considerations  of  seasonal  meteorological 
conditions  and  the  phenological  characteristics  of  each  community. 
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7)  The  availability  of  Thematic  Mapper  data  should  enhance  analysis 
of  drainage  areas  due  to  the  small  pixel  size  (30  meter  resolu- 
tion) of  that  system.   However,  the  smaller  pixel  size  will 
increase  the  random  noise  and  misregistration  problems.   Appro- 
priate filtering  will  be  a  prime  concern  in  any  differencing  analy- 
sis of  Thematic  Mapper  data. 
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RECOMMENDATIONS 

1)  Establish  a  Seasonal  Record  of  Vegetation  Change  -  It  is  recognized 
that  yearly  climatic  variations  can  vary  plant  phenology.   Any 
attempt  to  define  change  between  years  must  be  normalized  for 
climatic  factors.   Toward  this  end,  several  seasonal  investigations, 
ideally  of  dry  and  wet  years,  should  be  performed. 

2)  Calibration  of  the  Normalized  Difference  for  the  Piceance  Basin  - 
The  normalized  difference  can  be  expected  to  yield  predictable 
results  in  cropland,  range  grasslands  and  deciduous  shrubland  areas, 
but  should  be  calibrated  for  each  ecosystem  or  vegetation  community. 
Ground  measurements  on  Landsat  overpass  dates  will  be  required  for 
such  calibrations. 

3)  Assessment  of  Filtering  Techniques  -  Filtering  can  mitigate  noise 
caused  by  minor  spatial  misregistration  and  other  sources.   A 
variety  of  filtering  configurations  should  be  tested.   These  are: 
filter  raw  radiance  values;  filter  index  values;  filter  difference 
values.   Additionally  several  types  of  filtering  algorithms 
should  be  tested. 

4)  Optional  Geometric  Controls  should  be  Considered  -  A  variety  of 
geometric  controls  could  be  introduced  to  facilitate  pixel  to  pixel 
registration  for  differencing.   Any  operational  monitoring  program 
should  consider  the  use  of  mirrors  or  other  geometric  control. 


5)  Evaluate  Trajectory  Change  Detection  -  Given  the  problems  of  extreme 
seasonal  variability  inherent  in  vegetation  analysis,  perhaps  a 
seasonal  record  of  change  rather  than  single  date  analysis  is  needed, 
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This  evaluation  could  be  performed  in  concert  with  recommendation  (1) . 

r 

6)  Develop  Models  to  Determine  Absolute  Biomass  Change  Values  -  Having 
established  a  functional  relationship  between  vegetation  index 
values  and  biomass  levels  of  the  Piceance  Creek  area  vegetation  types, 
change  values  should  be  related  directly  to  absolute  change  in 
biomass. 
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May  1,   1980  ^      G  1j'v0  942-3949 

Dr.  Chuck  Bray 

Occidental  Oil  Shale,  Inc. 

P.  0.  Box  2687 

Grand  Junction,  Colorado  81502 

Dear  Dr.  Bray: 

Enclosed  please  find  elemental  abundance  data  (Table  1)  for  the  various  raw 
oil  shale  samples  that  you  supplied  to  us  in  September,  1979. 

The  crushed  samples  from  the  LW-106  core  were  split  and  then  ground  with  an 
Al?0o  jar-mill  to  pass  a  140  mesh  sieve.  The  sawed  core  samples  from  Rio 
Blanco  County  were  jaw  crushed,  split,  and  then  ground  to  pass  a  140  mesh 
sieve.  We  have  carefully  evaluated  these  procedures  and  found  them  to  be 
noncontaminating. 

The  prepared  samples  were  analyzed  for  43  elements  by  a  combination  of  in- 
strumental neutron  activation  analysis  (INAA)  and  energy  dispersive  X-ray 
fluorescence  analysis  (XRF).  In  addition,  the  element  mercury  was  determined 
by  a  highly  sensitive  technique  which  employs  thermal  oxidation  at  1000°C, 
gold-amalgamation,  and  cold-vapor  atomic  absorption  spectrometry  (CVAA).  The 
possible  loss  of  mercury  by  grinding  was  investigated  by  separately  analyzing 
jar-mill  ground,  hand  ground,  and  original  crushed  samples  from  the  LW-106  core. 
No  mercury  losses  were  observed  for  our  laboratory  grinding  procedures. 

Table  2  lists  the  elements  quantified,  their  method(s)  of  analysis,  and  the 
estimated  analytical  precision  for  the  analyses  in  Table  1.  The  trace  elements 
As,  Co,  Cu,  Hg,  Mo,  Pb,  Se,  Sb,  U  and  Zn  appear  to  correlate  with  the  oil -yield 
and  the  sulfur  content  of  the  shale.  Most  of  these  elements  are  probably  asso- 
ciated with  sulphide  mineral  constituents.  The  data  and  elemental  correlations 
in  Table  1  agree  with  other  analyses  recently  reported  by  R.  D.  Giauque  et.  al. 
at  the  13th  Oil  Shale  Symposium  (April,  1980). 

As  for  trace  metals  in  the  kerogen  material  itself,  we  know  that  iron  and  prob- 
ably cobalt  and  nickel  porphyrins  are  present.  The  principal  trace  metal  con- 
taminants in  shale  oils  are  iron  and  arsenic.  Excepting  the  elements  vanadium 
and  nickel,  shale  oils  will  typically  be  more  abundant  in  trace  metals  relative 
to  petroleum.  This  subject  was  recently  discussed  at  the  Houston  ACS  meeting; 
I  have  enclosed  copies  of  our  presentation  for  your  information. 
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If  you  have  any  questions  regarding  the  attached  data,  please  call  rne  at 
(509)  942-3949. 


Sincerely, 


c- 


■/ 


/j,a£ 


Connie  L.  Wilkerson 

Research  Scientist 

Earth  and  Planetary  Chemistry  Section 

PHYSICAL  SCIENCES  DEPARTMENT 

CLW/cms 

c.c. :     J.   S.    Fruchter 
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TABLE  2.  METHODS  AND  PRECISION  OF  ANALYSIS 


Analyt- 

ical  Method 

Used 

Estimated  Analytical 

Element 

INAA 
X 

XRF 

CVAA 

Precision  {%) 

Al 

<5 

Ca 

X 

X 

5-15 

Fe 

X 

X 

<5 

K 

X 

X 

5-15 

Mg 

X 

15-25 

Na 

X 

<5 

S 

X 

5-15 

Si 

X 

5-15 

Ti 

X 

X 

15-25 

As 

X 

X 

-.5 

Ba 

X 

X 

5-1  5 

Br 

X 

X 

15-25 

Ce 

X 

<5 

Co 

X 

<5 

Cr 

X 

<5 

Cs 

X 

5-15 

Cu 

X 

5-15 

Dy 

X 

5-15 

Ey 

X 

<5 

Ga 

X 

5-15 

Hf 

X 

5-15 

Hg 

X 

5-15 

La 

X 

<5 

Lu 

X 

15-25 

Mn 

X 

X 

5-15 

Mo 

X 

X 

5-15 

Nb 

X 

15-25 

Nd 

X 

15-25 

Ni 

X 

X 

5-15 

Pb 

X 

5-15 

Rb 

X 

X 

<5 

Sb 

X 

5-15 

Sc 

X 

<5 

Se 

X 

X 

5-15 

Sm 

X 

-5 

Sr 

X 

X 

<5 

Ta 

X 

5-15 

Tb 

X 

5-15 

Th 

X 

5-15 

U 

X 

5-15 

V 

X 

X 

5-15 

Y 

X 

5-15 

Yb 

X 

5-15 

Zn 

X 

X 

5-15 
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Analysis  of  Discharge  Criteria  for  Selected 
Water  Quality  Constituents  under  NPDES  Permit 
No.  CO-0033961  to  Occidental  Oil  Shale,  Inc. 


Report  to 

Mr.  R.  E.  Thonason 
Manager,  Environmental  Services 
Occidental  Oil  Shale,  Inc. 
P.  0.  Box  2  637 
Grand  Junction,  CO        81502 


ENVIRONMENTAL  SERVICES 

J  UN    :]  jogQ 

R-  £•  THOMASON 

Prepared   by 


H.  L.  Bergman  and  G.  M.  DeGraeve 
The  University  of  Wyoming 
Department  of  Zoology 
Laramie,  WY        82  071 


Mav,  1980 
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BACKGROUND 

Occidental  Oil  Shale,  Inc.  received  an  NPDES  Waste  Discharge  Permit 
(No.  CO-0033961)  on  March  27,  1979  from  the  Colorado  Department  of  Health, 
regulating  mine  dewatering  discharge  at  Occidental's  C-b  Tract  oil  shale 
development  in  P.io  Blanco  County,  Colorado.   Under  the  permit  the  discharge 
can  be  released  to  an  intermittent  tributary  of  Piceance  Creek  approxi- 
mately 1.5  miles  above  its  confluence  with. Piceance  Creek.   The  permit 
limits  Occidental's  discharge  to  one-tenth  of  the  flow  in  Piceance  Creek 
at  any  given  time,  and  establishes  maximum  discharge  limitations  for  a 
number  of  water  quality  constituents. 

In  a  letter  to  the  Colorado  Department  of  Health  dated  November  29, 
1979,  Occidental  proposed  alternate  stream  criteria  under  this  permit  for 
aluminum,  ammonia,,  boron,  copper,  fluoride  and  phenol.   The  proposed 
alternate  criteria  were  based  upon  Occidental's  evaluation  of  several 
published  studies  on  the  effects  of  these  six  contaminants  on  aquatic  life. 
The  present  report  reviews  the  literature  further  and  discusses  the 
appropriateness  of  the  MPDES  discharge  limitations  for  these  six  contaminants 
and  for  total  dissolved  solids  in  relation  to  the  potential  impact  of 
their  release  in  Piceance  Creek. 
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ALUMINUM 

Colorado   requires  a  1.1  mg/1  limit  for  soluble  aluminum  in  Occidental's 
discharge,  which  would  result  in  0.1  mg/1  soluble  aluminum  in  Piceance 
Creek.   Aluminum  in  Occidental's  discharge  originates  from  ground  water 
and  from  use  of  alum  (aluminum  sulfate)  as  a  coagulant  in  water  treatment. 
(Occidental  recently  modified  its  treatment  method  for  removing  total 
suspended  solids  and  alum  is  no  longer  used.) 

In  a  study  on  the  toxicity  of  aluminum  to  rainbow  trout,  Freeman  and 
Everhart  (1971)  evaluated  the  effect  of  pH  on  the  complex  water  chemistry 
of  aluminum  and  the  interaction  of  pH,  aluminum  solubility  and  toxicity. 
Based  on  their  results  Freeman  and  Everhart  recommended  that  concentra- 
tions of  aluminum  not  exceed  0.1  mg/1  to  protect  trout  survival  and 
growth.   In  the  Water  Quality  Criteria  "Blue  Book"  the  National  Academy  of 
Sciences/National  Academy  of  Engineering  (1972)  reiterated  the  Freeman 
and  Everhart  recommendation  of  a  0.1  mg/1  limit  for  aluminum,  but  they  did 
not  formally  adopt  this  level  as  a  criterion. 

Earlier  studies  show  wide  variation  in  the  toxicity  of  aluminum  to 
fish.   For  instance,  Jones  (1939)  reported  that  the  lethal  threshold  tor 
sticklebacks  was  0.07  ma/1  while  Anderson  (1948)  reported  a  toxic  threshold 
for  the  same  species  at  something  less  than  1.35  mg/1.   But  these  earlier 
studies  did  not  account  for  the  :oii'.plex  water  chemistry  of  aluminum 
and  should  not  be  used  in  formula tin  ;  conclusions  about  toxic  or  tolerated 
levels  of  aluminum  to  fish. 

On  tiie  other  hand,  Freeman  ."Hid  Everhart  evaluated  the  toxicity  of 
aluminum  to  rainbow  trout  f inger.1  iiws  in  45-day  tests  usina  concentrations 
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of  5.2,  0.52  and  0.052  mg/1  total  aluminum  with  some  test  series  conducted 
at  pH  values  of  7,  8,  3.5  and  9.   In  the  analysis  of  their  results  they 
noted  and  accounted  for  the  solubility  of  aluminum  at  different  pH  values 
(saturation  of  soluble  aluminum  occurs  at  about  0.05  mg/1  at  pH  7,  0.5 
mg/1  at  pH  8  and  5.0  mg/1  at  pH  9) .   At  a  pH  of  8.0,  where  all  of  their 
0.052  and  0.52  mg/1  a-luminum  doses  were  soluble,  they  observed  reduced 
food  consumption,  reduced  growth,  gill  hyperplasia  and  other  toxicity 
signs  in  fish  exposed  to  0.5  mg/1  soluble  aluminum  but  they  observed  no 
effects  at  the  0.052  mg/1  exposure.   It  is  clear  from  these  results  that 
45-day  exposure  to  concentrations  at  or  above  0.5  mg/1  soluble  aluminum 
is  detrimental  to  fish  while  exposure  to  concentrations  at  or  below  0.05 
mg/1  soluble  aluminum  is  "safe".   Based  on  any  reasonable  evaluation  of 
these  findings,  the   0.1  mg/1  receiving  water  limit  for  soluble  aluminum 
is  appropriate. 
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AMMONIA 

The  Colorado  Department  of  Health  limits  Occidental  to  1.3  mg/1  total 
ammonia  in  their  discharge  so  that  the  un-ionized  ammonia  level  in  Piceance 
Creek  does  not  exceed  0.02  mg/1  (as  N) .   The  0.02  mg/1  un-ionized  ammonia 
limit  is  apparently  taken  from  the  "Red  Book"  entitled,  Quality  Criteria  for 
Water  (U.S.  Environmental  Protection  Agency,  1976),  and  seems  to  be  a 
conservative  but  reasonable  figure  based  upon  EPA's  justification  and  other 
data  from  the  literature. 

The  Red  Book  justifies  the  0.02  mg/1  un-ionized  ammonia  criterion  based 
upon  an  application  factor  of  0.1  applied  to  a  0.20  mg/1  value  given  as 
affecting  30-day-old  trout  (Liebmann,  1960).   However,  the  0.02  mq/1  criter- 
ion is  also  justified  by  the  work  of  Smith  and  Piper  (1975) ,  who  reported 
reduced  growth  and  pathological  changes  in  the  gills  and  livers  of  rainbow 
trout  exposed  for  6  months  to  0.016  mg/1  un-ioiuzeu  ammonia.   Although  trout 
do  not  appear  to  be  spawning  to  a  great  extent  in  Piceance  Creek  (Reed, 
1979) ,  the  predominant  species  of  fish  in  Piceance  Creek  (speckled  dace  and 
mountain  suckers)  are  probably  as  sensitive  to  un-ionized  ammonia  as  are 
trout.   This  conclusion  is  based  on  zhe    review  by  the  European  Inland  Fish- 
eries Advisory  Commission  (197  3)  where  they  cite  studies  which  show  the 
rannc  of  susceptibility  of  various  fish  species.   For  example,  in  a  35-day 
exposure  of  carp,  0.04  -  0.2  ma/1  un-ionized  ammonia  produced  necrotic 
chaivjes  and  tissue  disintegration  (Flis,  1963).   Also,  channel  catfish 
showed  reduce:]  growth  at  0.12  mu/1  un-ionized  ammonia  (Robinette,  1976). 
There  are  no  nmmoniu  toxicity  data  that  we  are  av/are  of  in  the  literature  on 
mountain  suckers  or  speckled  dace,  but  based  op.  available  information  there 
is  no  reason  to  believe  that  I: hoy  ire  loss  sensitive  than  trout. 
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Aquatic  plants  and  invertebrates  appear  to  tolerate  higher  ammonia 
concentrations  than  do  fish.   Rooted  Potamogeton  lucens  plants  were  damaged 
by  40  mg/1  total  ammonia,  and  detached  branches  were  damaged  by  10-15  mg/1 
total  ammonia.   These  symptions,  observed  at  pH  8.5,  were  eliminated  when 
the  pH  was  reduced  to  6.0  (Litav  and  Lehrer,  1973).   Prentice  et  al. 

(1976)  reported  that  any  concentration  of  total  ammonia  above  15  mg/1  tempo- 
rarily controlled  most  vegetation,  and  that  benthic  organisms  were  reduced 
but  not  eliminated,  by  30  and  15  mg/1  total  ammonia.   Delistraty  et  al . 

(1977)  reported  LC^0  and  tentatively  "safe"  un-ionized  ammonia  concentra- 

te 

tions  for  the  American  lobster  to  be  1.4  and  0.14  mg/1,  respectively.   Thus, 
the  0.02  mg/1  un-ionized  ammonia  criterion  is  certainly  conservative  enough 
to  protect  plants  and  invertebrates,  and  seems  to  be  supportable  for  pro- 
tection of  fish  based  especially  upon  Smith  and  Piper's  data. 

Hov/ever ,  an  analysis  of  the  water  chemistry  of  ammonia  and  of  the  norma' 
conditions  in  Piceance  Creek  suggests  that  the  1.3  mg/1  total  ammonia  limit 
placed  upon  Occidental's  discharge  is  more  restrictive  than  can  be  justi- 
fied.  The  percent  of  total  ammonia  present  in  the  toxic,  un-ionized  form  is 
determined  by  pH  and  temperature  (Emerson  et  al.  ,  1975)  ,  with  temperature 
and  pH  increase  both  causing  an  increase  in  the  fraction  of  total  ammonia 
present  in  the  un-ionized  form.   The  Colorado  Department  of  Health  used  a 
pH  of  0.6  and  temperature  of  15.5  C  (conditions  in  Piceance  Creek  during 
the  fall  brook  trout  spawning  period)  to  determine  that  10.2  percent  of 
total  ammonia  would  be  present  in  the  toxic,  un-ionized  form.   These  pll, 
temperature  uul  resultant  percent  wn-ionized  ammonia  values,  then,  are  the 
main  bases  Hlori's  with   existinn  concentrations  in  riceance  Creek  Cor  the 
L.3  mg/1  total  unmonin  release  Limitation  for  Occidental's  discharge. 
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However,  during  most  of  the  year  in  Piceance  Creek  the  pti   is  lower  than  8.6 
and  the  temperature  is  lower  than  15.5  C  as  shown  in  the  Environmental 
Baseline  Program  Report  (C-b  Oil  Shale  Venture,  1976).   These  lower  pH  and 
temperature  values  result  in  a  lower  percentage  of  total  ammonia  present 
in  the  un-ionized  form.   For  instance,  at  a  pH  of  8.3  and  a  temperature  of 
10  C,  which  are  closer  to  the  normal  conditions  in  Piceance  Creek  for  much 
of  the  year,  the  percent  un-ionized  ammonia  is  3.58.   This  is  almost  one- 
third  of  the  10.2  percent  value  used  by  the  Colorado  Department  of  Health 
and  would  permit  a  discharge  limitation  almost  three  times  greater  than 
the  1.3  mg/1  total  ammonia  limit  now  in  effect. 

Another  important  issue  centers  around  the  fact  that  Occidental's 
discharge  flows  about  1.5  miles  in  an  un-named  intermittent  tributary  before 
reaching  Piceance  Creek.   This  type  of  flowing,  open  discharge  favors 
atmospheric  dissipation  of  ammonia.   In  fact,  data  collected  recently  by 
Occidental  at  their  discharge  point  and  just  before  the  discharge  flows  into 
Piceance  Creek  show  considerable  loss  of  ammonia  for  most  dates  sampled. 
Since  the  un-ionized  ammonia  concentration  in  Piceance  Creek  is  the  critical 
issue,  a  reasonable  allowance  for  loss  of  ammonia  prior  to  confluence  of 
the  discharge  with  Piceance  Creek  seems  appropriate.   Such  an  allowance  could 
be  based  on  seasonal  sampling  and  analysis  for  ammonia  at  the  discharge 
point  and  just  before  the  discharge  flows  into  Piceance  Creek. 

Thus,  based  on  the  fore  ;  'in'.:  discussion  of  pli,  temperature  and  atmos- 
pheric dissipation  o  :r  ammonia  .i '"  won  .Id  be  reasonable  to  rectulate  Occidental's 
discharge  with  a  seasonal  Limit  'icing  the  mean  temperature  and  pM  for  a 
three-month  reason  ind  apply  in  :  in  allowance  for  .lissipation  of  ammonia. 
For  instance,  to  achieve  a  0.0!]  ;-;  I  (as  N)  un-ionized  ammonia  limit  in 
Piceance  Creek  for  the  sprini  season,  Lite  ilischat  ie  Limit  in  total  ammonia 
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7. 

(as  N)  could  be  computed  as  follows.   Assuming  a  pH  of  8.3  and  a  temperature 
of  10  C  in  Piceance  Creek  (approximate  for  the  spring  period)  and  a  result- 
ant un-ionized  ammonia  fraction  of  3.53  percent, 

£M ■-  0.56  „/l  <aS  „, 

for  total  ammonia  concentration  in  Piceance  Creek.   This  value  is  then  used 
in  the  mass  balance  calculation  (which  assumes  an  existing  total  ammonia 
concentration  of  0.08  mg/1  in  Piceance  Creek), 

0.56  mg/1  (100)  -  0.08  mg/1  (90)    .  ._    ,.     .        „, 
— =  4.88  mg/1  (as  N) 

for  total  ammonia  allowable  in  the  discharge  just  at  the  confluence  with 
Piceance  Creek.   And,  finally,  assuming  an  allowance  for  25  percent  reduc- 
tion in  the  total  ammonia  concentration  from  the  discharge  point  to  the  con- 
fluence , 

4.88  mg/1  _  t~ 

— ^r '■ —  =6.5  mg/1  (as  N) 

allowable  at  the  discharge  point. 

As  an  alternative,  the  Colorado  Department  of  Health  might  require 
Occidental  to  discharge  no  more  total  ammonia  than  that  which  would  result  in 
a  0.02  mg/1  un-ionized  ammonia  level  (as  N)  in  Ficeance  Creek.   To  assure 
compliance,  such  a  requirement  could  include  periodic  grab  determinations  of 
un-ionized  ammonia  (based  on  temperature,  pH  and  total  ammonia  determinations) 
above  and  below  confluence  of  the  discharge  with  Piceance  Creek. 

Based  on  the  above  evaluations,  then:   1)  the  0.02  mg/1  (as  H)  un-ionized 
ammonia  limit  for  Piceance  Creek  is  reasonable  arid  supported  by  published 
literature,  and  2)  the  1.3  mg/1  (as  it)  total  ammonia  discharge  limitation 
is  unreasonable  because  it  is  based  on  temperature  and  pEI  conditions  in 
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Piceance  Creek  for  only  a  short  period  of  the  year  and  does  not  allow  for 
partial  atmospheric  dissipation  of  ammonia  in  the  discharge. 
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BORON 

The  Colorado  Department  of  Health  limits  Occidental  to  3.5  mg/1  total 
boron  in  their  discharge,  resultinq  in  no  more  than  0.75  mg/1  in  Piceance 
Creek.   Fish  are  extremely  tolerant  to  boron,  with  LC    values  in  the 
1000 's  of  mg/1,  so  protection  of  aquatic  life  is  not  the  important  con- 
sideration.  The  0.75  mo/1  restriction  is  based  upon   water  used  for  irriga- 
tion.  However,  0.75  mg/1  boron  is  the  safe  level  for  sensitive  plants 
such  as  citrus  and  other  fruit  trees  (U.S.  Environmental  Protection  Agency, 
1976) .   Since  Biggar  and  Fireman  (1960)  showed  that  long-term  irrigation 
with  waters  containing  concentrations  of  boron  as  high  as  2  mg/1  were  not 
harmful  in  alkaline  soils,  a  somewhat  higher  criterion  seems  appropriate. 
Furthermore,  Avers  and  V.Testcot  (1976)  reported  that  barley,  wheat,  corn, 
milo  and  oats  were  tolerant  of  2.0  mg/1  boron  in  irrigation  water,  and 
alfalfa  was  able  to  tolerate  4.0  mg/1  boron.   Therefore,  since  there  are  no 
sensitive  plants  being  irrigated  by  Piceance  Creek  water,  a  2.0  mg/1 
limit  in  Piceance  Creek  seems  reasonable.   Based  on  mass  balancing  with  a 
background  of  0.47  mg/1  total  boron  in  Piceance  Creek,  this  would  allow 
Occidental  15.8  rng/1  total  boron  in  their  discharge. 
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COPPER 

Occidental  is  limited  by  Colorado  to  0.24  mq/1  copper  in  their  discharge 
which  results  in  a  maximum  of  0.04  mg/1  in  Piceance  Creek.   This  agrees 
with  the  level  recommended  by  the  Red  Book  (U.S.  Environmental  Protection 
Agency,  1976).   A  higher  level  would  be  difficult  to  justify,  because  Mount 
and  Stephan  (1969)  found  0.033  mg/1  copper  to  prevent  fathead  minnow  spawn- 
ing, and  the  native  species  (mountain  suckers  and  speckled  dace)  are  likely 
to  be  as  sensitive  to  conper  as  are  fathead  minnows.   Therefore,  the  limit 
set  by  Colorado  seems  reasonable,  and  can  be  defended  based  upon  the 
available  data. 
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FLUORIDE 

Occidental  is  limited  by  the  Colorado  Department  of  Health  to  9  mg/1 
total  fluoride  in  their  discharge  which,  accounting  for  background  and 
mass-balancing,  results  in  no  more  than  2.2  mg/1  in  Piceance  Creek.  '  In 
the  HPDES  Permit,  the  2.2  mg/1  stream  limit  is  justified  on  the  basis  of 
restrictions  for  livestock  watering.   A  limit  for  protection  of  fish  is  not 
included  in  the  Permit. 

In  fish,  tolerance  of  fluoride  vaires  widely  depending  on  a  number  of 
factors:   1)  increased  temperatures  produce  greater  fluoride  toxicity  in 
rainbow  tiout  adults  (Angelovic  et  al. ,  1961)  and  fry  (Neuhold  and  Sigler, 
1960);  2)  increased  water  hardness  produces  lower  fluoride  toxicity  to 
rainbow  trout  (Herbert  and  Shurben,  1964)  ;  3)  higher  calcium  levels  reduce 
fluoride  toxicity  (Neuhold  and  Sigler,  1960) ;  4)  increased  chloride  reduces 
fluoride  toxicity  to  rainbow  trout  (Ueuhold  and  Sigler,  1962);  and  5) 
differential  susceptibility  of  fish  species  with  brown  trout  more  sensitive 
than  rainbow  trout  which  are,  in  turn,  more  sensitive  than  carp  (neuhold 
and  Sigler,  I960;  Wright,  1977) . 

All  of . these  factors  confuse  an  attempt  to  project  a  safe  level  for 
protection  of  fish  in  Piceance  Creek.   However,  several  water  quality 
parameters  for  Piceance  Creek  would  tend  to  reduce  fluoride  toxicity  to 
fish.   Calcium,  hardness  and  chloride  levels  are  all  high  in  Piceance  Creek 
(1974-76  mean  values  at  Station  P3  near  the  confluence  with  Occidental's 
discharge  are  74  trig  Cci      /I,  about  JS5  roq  CaCO,  hardness/1,  and  15  nig  Cl  /i; 
Reed,  1979),  and  u:e ,  in  tact,  several  times  higher  than  the  highest  levels 
tested  in  the  studies  cited  above  which  showed  reduction  of  fluoride  toxicit' 
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Based  on  acute  (5-  to  20-day)  toxicity  data  summarized  in  Becker 
and  Thatcher  (1973)  and  the  above-cited  literature  which  considers  the  effect 
of  high  calcium,  hardness  and  chloride  levels,  and  using  an  application 
factor  of  about  0.1,  we  estimate  that  a  safe  level  for  protection  of  fish 
growth  and  reproduction  in  Piceance  Creek  would  be  3  to  4  mg  fluoride/1 
or -slightly  higher.   However,  because  the  water  quality  conditions  found 
in  Piceance"  Creek  have  never  been  duplicated  or  even  approached  in  a 
fluoride  toxicity  determination,  we  recommend  that  fluoride  toxicity 
bioassays  under  conditions  appropriate  to  Piceance  Creek  be  conducted  to 
verify  this  estimate. 
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PHENOL 

Occidental ' s_permit  from  the  Colorado  Department  of  Health  allows  for 
0.2  mg/1  phenol  in  their  discharge,  which  results  in  0.02  mg/1  in  Piceance 
Creek.   The  data  of  DeGraeve  et  a_l.  (1930)  show  that  the  96-hr  LC    for 
rainbow  trout  is  8.9  mg/1,  but  the  lowest  concentration  affecting  rainbow 
trout  growth  was  0.2  mg/1  phenol  in  a  60-day  embryo-larval  bioassay.   The 
lowest  concentration  affecting  fathead  minnow  growth  was  2.5  mg/1  phenol 
in  the  same  study.   Thus,  0.1  ma/1  provides  adequate  protection  for  fish 
exposed  for  extended  periods  of  time  to  phenol. 

A  0.02  mg/1  level  in  Piceance  Creek  is  about  ten  times  lower  than  the 
lowest  demonstrated  effect  level  in  long-term  tests  and  cannot  be  justified 
by  any  data  available  in  the  literature.   A  more  appropriate  criterion,  given 
a  ten-fold  dilution  of  Occidental's  discharge  to  Piceance  Creek,  would  be 
a  maximum  of  1.0  mg/1  phenol  in  their  discharge,  which  would  result  in 
0.1  mg/1  phenol  in  Piceance  Creek.   This  level  is  sufficiently  conservative 
to  protect  aquatic  life  from  long-term  effects  of  phenol  exposure. 
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SUMMARY 

For  ammonia,  boron,  fluoride,  phenol  and  total  dissolved  solids  there 
appears  to  be  some  room  for  flexibility  in  Occidental's  existing  NPDES 
permit  based  on  water  quality  requirements  of  fish,  while  the  limits  set 
for  aluminum  and  copper  are  fair  and  scientifically  reasonable.   Based 
on  available  published  literature,  our  recommendations  are  summarized  in 
the  following  table  along  with  the  existing  NPDES  permit  limitations. 
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TOTAL  DISSOLVED  SOLIDS 

The  Colorado  Department  of  Health  limits  Occidental's  discharge  of 
total  dissolved  solids  (TDS)  to  1200  mg/1  for  a  30-day   average,  with  a 
daily  maximum  of  1300  rng/1.   This  limit  is  based  on  Colorado's  consideration 
of  the  agricultural  uses  of  Piceance  Creek  and  is  not  supported  in  the 
Permit  for  protection  of  fish. 

Generally,  the  toxicity  of  TDS  varies  with  the  species  of  organism, 
with  prior  acclimatization,  and  with  the  chemical  species  that  make  up 
TDS  (National  Academy  of  Sciences/National  Academy  of  Engineering,  1972). 
In  one  study  in  saline  North  Dakota  reservoirs  with  fathead  minnows,  sodium 
sulfate  waters  were  more  toxic  than  sodium  chloride  waters  (Burnham  and 
Peterka,  1075).   The  concentrations  judged  safe  for  fathead  minnow  repro- 
duction in  the  North  Dakota  study  were  about  4,600  mg/1  TDS  with  3,100 
mg/1  of  that  present  as  sulfate;  concentrations  20  to  25".  higher  than  these 
values  apparently  reduced  reproduction ._  Although  they  do  not  ;:   i;id<; 
chemical  speciation  in  the  evaluation,  the  EPA  Red  Book  (U.S.  Environmental 
Protection  Agency,  197G)  cites  studies  which  claim  survival  of  several 
freshwater  species  at  10,000  mg/1  TDS,  and  the  EPA  Blue  Book  (National 
Academy  of  Sciences/National  Academy  of  Engineering,  1973)  cites  an  upper 
range  of  5,000  to  10,000  ma/1  TDS  as  tolerated  by  freshwater  fish.   Based 
on  these  reports,  a  substantial  increase  in  Occidental's  TDS  release 
limitations  could  be  permitted  without  expecting  direct  toxicity  to  fish. 
This  is  particularly  the  case  if  TDS  is  not  substantially  present  as  sulfate 
salts. 

Thus,  an  increase  Ln  Occidental '  r-     li.scharc.re  limit  to  is  high  is  3000 
to  5000  mq/J  TDS  as  n  iO-day  average  wr.uld  not  be  expected  to  directly 
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affect  fish  in  Piceance  Creek,  provided  that  sulfate  concentrations  were 
not  a  substantial  portion  of  the  TDS.   Based  on  mass  balancing  and  using 
the  mean  background  TDS  values  for  Piceance  Creek  (902  mg/1)  used  in  the 
NPDES  Permit,  the  resultant  mean  TDS  level  in  Piceance  Creek  would  be 
1,112  mg/1  for  a  3,000  mg/1  discharge  limit  and  1,312  mg/1  for  a  5,000  mg/1 
discharge  limit.   Even  the  highest  value  in  this  range  should  be  tolerated 
by  fish. 
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Recommended  and  existing  discharge  and  stream  criteria  for  selected 
constituents  under  NPDES  Permit  Mo.  CO-0033961  to  Occidental  Oil  Shale, 
Inc.  for  protection  of  fish  (all  values  in  mg/1). 


Recommendations  NPDES  Perr.it 


Constituent  Discharge    Creek         Discharge    Creek 

Aluminum 

Ammonia  (as  M) 

Boron 

Copper 

Fluoride 

Phenol 

Total  dissolved  solids   3  ,  000-5  ,  CO 'J  1,112-1,312 
( 3 0-day  a vera  j e ) 


1.1 

0 . 1 

a 

0.02b 

15.8 

2.0 

0.24 

0.04 

G. 5-26.  5 

3-4 

1.0 

0.1 

1.1 

0.  1 

1.3° 

0.02° 

3.5 

0.75 

0.24 

0.04 

9.0 

2.2 

0.2 

0.02 

1200 



Recommend  changing  to  a  seasonal  .standard  based  on  seasonal  pH 
and  temperature  or  a  stream  standard  based  on  un-ionized  ammonia. 

b       .   _, 
On- ionized  ammonia. 

c 
Total  ammonia. 
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Shaft  Mapping  Report 

MONTHLY   REPORT   FOR  THE   PERIOD 

MARCH    1,    THROUGH   MARCH    31,    1980 


Development  of  the   first  ignition  level   was   completed  during  the  period. 
An   attempt  was   made   to   fracture  map   the  entire   development  but  only  a 
25'    detail    line  was   measured  along   the  south    rib  of   the  west   drift.      The 
east   drift  heading  was   composed  of  badly   fractured  walls.      An   attempt   to 
measure   the   fractures    in   this    drift  was   extremely  difficult   due   to   their 
discontinuous   nature.      The  8'    zone   from  the   sill    to   4'    below   the  back 
corresponds   to   the  coreloss   zone  at   the  base  of  the  4  Senators   zone  seen 
in   33X-1   corehole    ( 1057' - 1065' ) .      The   fractures   extended  around   1'    in 
length   and  had   random  orientations  with   steep   dips    (70°-90°).      The   rock 
was   thus   broken   into  small    6"-l'    pieces   and  needed  to  be  supported  with 
mats   and  shotcrete.      All    fracture   faces  were   coated  with  white  clay. 
Above   this    zone   on   the   NE    rib,    a  majority  of  the   increase   in  water  was 
observed.      A  vug   (2X2X2)  was   producing  water   from  50-80   gpm  and  after  one 
month   of  being  open   is   still    producing  essentially   the   same   amount.      In 
the  southeast   corner  of  the   drift,    in   the   same  4'    zone,   a    fractured   vug 
is   also  producing   30-50  gpm  continuously.      Although   no   detail    line  could 
be  measured   in   the  east  heading,   some  major  fractures    that  were  measured 
had  strikes    from  N50E   to   N75E,   with   dips    from  N70°   through   vertical    to 
S78°.      The  major  NW  set  could   be  seen   running  along   the   drift  back.      In 
the  west  heading,    a   detail    line  was   measured  along   the   southwest  rib. 
This    data   has   been   combined  with   data   collected   in   the   50'    below   the 
station   and  processed  by  computer   for  comparison  with    data    from  the  mid- 
shaft station    (6093')   and  960'    pump   station    (5745')    from  V/E  shaft. 
Figure   1   has    these   three   stereonets    for  comparison.      As    can   be   seen,    the 
first   thing   that   is   apparent   is    the  steepening  of  dips  with   depth.      At 
736',    dips  were   62°-55°   for  the  major  sets  with  minor  sets   of  88°.      At 
the   960'    level,    dips   of  major  sets  were   62°-82°.      At   the    1050' -1103'    level 
dips   are  now   75°-88°   in  nearly  all    fracture  sets.      More   detailed  data  will 
be   collected   in   the   700   feet  of  drifting   that  will   be  opened  up  at  the 
service  and  production   shafts    during   development  of  the   ignition   level. 

Water  flows    increased  during  excavation  of  the  V/E   ignition   level    from 
165  gpm  before   development   to   approximately  440   gpm  after  completion. 
Flows   have  since   declined   to   350  gpm.      Grout  cover  r8  was   begun   at   1108' 
(5587').      A  total    of   17  holes  will    be   drilled  and  grouted  on   this   cover. 
Figure  2   is   a   configuration   of   this   grout  cover.      Figure   3   is   a   prognosis 
of  the   geology-hydrology  expected   during   drilling  of   this   cover  to  a 
depth   of   170'.      Close   check   on  water  flows   and  poor  rock   zones  will    be 
maintained   during   this   grout  cover.      Figure   4    is   a   composite   geologic 
log  of   33X-1   corehole  showing   the   grout  cover  to   date   and   the   intervals 
penetrated  with   each.      VJater   flows   are  marked  during   drilling  of  33X-1 
corehole   and  corresponding   flows    indicated  during  sinking  of  the   V/E 
shaft.      Stations   are   indicated  on   the   right  hand   depth   column   under  the 
blackened  V/E   shaft  sinking  progress    log. 
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Sinking  progressed  in  the  service  and  production  shafts.   It  was  hoped 
that  during  this  period  the  ignition  level  development  would  begin,  but 
due  to  lowering  of  this  level,  sinking  continued.  When  the  new  ignition 
level  development  starts,  more  detail  data  will  be  collected.  The  pro- 
duction shaft  sank  to  5694'  and  the  service  to  5705'.  Water  flows  are 
100  gpm  in  the  production  and  60  gpm  in  the  service. 


sU^b  siiltftuH^. 


Nick  Stellavato 
Consul tant 
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V/E    SHAFT    FRACTURE    DATA 


1. 

320, 

2. 

280, 

3. 

345, 

4. 

070, 

5. 

025, 

6. 

220, 

7. 

220, 

8. 

095, 

g_ 

345, 

10. 

068, 

11. 

100, 

12. 

020, 

13. 

010, 

14. 

105, 

15. 

280, 

16. 

260, 

17. 

335, 

18. 

070, 

19. 

070, 

20. 

330, 

21. 

105, 

22. 

260, 

23. 

335, 

24. 

315, 

25. 

240, 

26. 

325, 

27. 

315, 

53v 
50C 
90( 
60C 
79( 
62C 
75C 
74C 
46( 
90C 
57C 


90 

90C 

86C 


83' 

66C 
90C 
90c 
60C 
90C 
72C 
78C 
60C 
70C 
86C 
86( 
75( 


1050'    Ignition   Level    Detail    Line 


1070'    -    10S0'    Level 


1093'    -    1103'    Shaft  Level 
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Shaft  Mapping  Report 

REPORT  FOR  THE  PERIOD 
APRIL  1  THROUGH  MAY  31 ,  1980 

During  this  period,  the  ignition  level  station  connecting  the  Service 
and  Production  Shafts  was  excavated.  Grouting  continued  in  the  V/E  Shaft 
from  an  elevation  of  5601 '  on  #8  grout  cover. 
Ignition  Level:  Service/Production  Shafts 

Major  drifting  began  and  was  essentially  complete  by  the  end  of  the 
period  for  the  Ignition  Level  which  connected  the  two  large  shafts. 
Geologically  this  station  is  located  midway  in  the  section  between  the 
4  Senators  and  Mahogany  zone  in  fracture  brecciated  rock.  Refer  to 
Figure  1  for  location.  The  ribs  of  the  drifts  were  thinly  bedded  with 
scattered  leached  vugs.  Due  to  these  vugs  and  many  interesting  fractures, 
the  rock  was  yery   broker  and  would  appear  as  rubble  or  brecciated  in  core. 

An  interesting,  bit  not  unique  geologic  feature,  was  observed  during 
this  development.  Approximately  20  feet  above  the  brow  of  the  Ignition 
Level  station  in  the  Production  Shaft,  a  3'  wide  tuff  dike  was  first  observed 
during  routine  shaft  mapping.  This  dike  was  trending  to  the  northeast  and 
was  nearly  vertical.  As  station  development  began,  this  feature  was  traced 
and  its  bearing  and  dip  were  determined.  Figure  2  is  a  plan  map  of  the 
Ignition  Level  with  this  dike  plotted.  Upon  opening  the  east-west  drift 
from  the  Production/Service  Shafts,  some  problems  with  rock  stability  arose 
near  the  area  where  this  dike  intersected  the  beds.  The  continuity  of  the 
oil  shale  beds  was  broken  by  the  dike  and  tended  to  break  or  fall  out  along 
the  vertical  dipping  dike  and  also  along  low  angle  fracture  planes  (20°-25°) 
which  were  present.  Rock  bolts  and  shotcrete  were  added  to  stabilize  this 
area.  As  drifting  progressed  to  the  east,  a  sump  was  excavated  to  the  north 
(45'  deep)  where  an  ore  pass  will  be  pulled  in  the  future  between  the 
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Ignition  Level   and  Upper  Void  Level.      As   can   be  seen  on   Figure  2,   the  dike 
intersected  this  sump.     Some  concern  was  expressed  because  the  dike  began  to 
dip  to  the  North  at  70°  and  the  possibility  existed  the  dike  may  intersect 
the  8'   ore  pass  presenting  a  future  stability  problem.     Further  mapping, 
however,   indicated  a  change  in  dip  from  Northwest  to  Southeast  then  buck 
to  vertical   and  eventually  disappearing  40'    below  the  sill   of  the  station. 
Pictures  1,  2,   3,  and  4,   show  the  dike-oil   shale  contact  on  the  east  rib 
of  the  ore  pass.     Cross  section  A-A1    (Figure  2)   is  oriented  parallel   with 
these  pictures.     Bearings  taken  in  the  ore  pass  sump  showed  the  dike  to 
strike  N46°  to  60°E,   dipping  70°NW  to  70°SE  to  vertical.     As   the  North-South 
connecting  drift  was  excavated,   this  dike  was  observed  on  both  ribs  of  the 
drift.     In  the  process  of  fracture  mapping,  another  intersecting  dike  was 
found.     The  orientation  of  this   dike  was  along  the  regional   major  fracture 
set  (N72°W),     Where  these  dikes  cut  the  bedding,  beds  were  bowed  up  and  had 
to  be  rock  bolted  and  matted.     No  evidence  of  movement  was  observed  anywhere, 
however.       This  type  of  dike  has  been  mapped  throughout  the  Piceance  Basin 
and  in  the  Uinta  Basin,   at  Logan  Wash  a   tuff  dike  cuts  across   Callahan  Ridge 
to  the  east  of  Occidental's  mine.     An  interesting  feature  which  can  be  seen 
in  Figure  2  is  the  change  in  orientation  of  the  fractures  as  you  approach 
each  dike.      In   Figure  2,  moving  from  North   to  South  along  the  North-South 
connecting  drift,   the  Northwest  fractures   tend  to  orient  themselves  parallel 
with  the  N60CE  trending  dike,  moving  past  this  dike,   the  fractures  rotate 
back  parallel   N72°E  trending  dike.     Also  water  could  be  seen  weeping  from 
the  up-dip  (South)   side  of  the  Northeast  trending  dike  and  dry  on  the  North 
side  of  this  dike  indicating  the  dike  acts  as  a  local   barrier  for  natural 
South  to  North  groundwater  movement, 
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Detail   fracture  lines  were  measured  along  most  open  drifts  and  this 
data  has  been  plotted  on   Figure  2.     All   data  has  been  processed  by  computer 
for  comparison  with  previous  data.      Figure  3  shows  the  location  of  individual 
fracture  lines,   the  raw  data  is  attached  and  numbered  for  ease  of  locating. 
Also  attached  are  the  processed  individual    fracture  line  Schmidt  pole  plots 
with  corresponding  dip  and  strike  histograms  and  all   data  combined  for  the 
Ignition  Level   Station  (elevation  5670'),     A  direct  comparison  can  be  made  of 
the  Mid-Shaft  Station  data   (S/P)   6093'    960  pump  station   (V/E)    (5745 ' ) , 
combined  960'   and  1050'    stations   (V/E)    (6745' -5653' } ,  and  Ignition  Level 
(S/P).     The  two  major  fracture  sets  in  the  Ignition  Level   Station  are 
N61°W  dipping  62°NE  and  N80°W  dipping  62°SW  with  the  N61°W  set  being  the 
dominant  set  (15£  to  1%  respectively). 

Probing  was  completed  in  the  Production  Shaft  with  four  holes   (one 
each  quadrant)   being  drilled.     Hole  #1    (North)   12S'~6gpm,  Hole  #7   (East) 
127,-10gpm,  Hole  #1 3A  (South)   154'-8gpm,  and  Hole  #19A  (West)   130'-Sgpm. 
Total  water  make  for  the  combined  Service/Production  Shafts   is  342gpm 
(June  17,   1980).     This  probe  penetrated  to  within  65'    above  the  B-groove 
with  no  large  water  flows  encountered.      Figures  1   and  4  show  the  interval 
penetrated  with  this  probe  and  the  sinking  progress   to  date.      Figure  4 
is  32X-12  core  log  with  the  gross  water  zones  indicated  by  the  pump- 
spinner  tests. 
V/E  Shaft 

Grout  cover  #8  was  completed  on  June  3,   1980,  with  the  drilling  of  an 
additional   six  angle  holes  to  test  the  effectiveness  of  the  grout  cover 
and  to  grout  the  proposed  Ignition  Level    Development  ( 5558 ' -5545 ' ) .      Figure 
5  shows  the  grout  pattern  used  in  #8  and  Figure  6  is  a  drawing  of  the  six 
angle  holes  drilled  into  the  station.     The  geologic  map  of  33X-1    corehcle 
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has  all  water  flows  encountered  and  where  strati  graphically  these  flows  were 
located.  All  flows  can  be  correlated  to  either  solution  brecciated  zones, 
fracture  Breccia  zones,  vuggy  zones  or  core  loss  zones.  Also  the  zone 
5558' -5543'  contained  the  greatest  increase  in  water  production  during 
drilling  of  33X-1  core  hole,  as  can  be  seen  from  the  water  production  curve, 
340gpm  to  781 gpm.  Total  flows  in  the  V/E  Shaft  now  stand  at  349gpm, 
Sinking  has  now  begun  with  the  Ignition  Level  Station  Development  43'  below 
#8  grout  cover,  however,  before  this  station  is  excavated,  #9  grout  cover 
will  be  performed  from  an  elevation  of  5555*.  This  cover  should  be  interest- 
ing since  it  will  penetrate  into  the  Mahogany  Zone.  Figure  7  is  a  still 
diagram  plot  of  all  water  quality  samples  taken  to  date  in  the  V/E  Shaft 
during  grouting.  Table  1  is  a  tabulation  of  the  parameters  used  for  plotting 
these  diagrams.  All  mg/liter  data  has  been  convened  to  mill  i -equivalents 
for  ease  of  plotting.  It  is  interesting  to  note  the  change  in  water 
chemistry  between  5533'  and  5521  * ;  other  changes  are  also  notable  between 
samples.  As  probing  continues,  these  samples  will  continue  to  be  collected 
to  obtain  a  complete  suite  of  water  quality  samples  plotted  with  depth. 


Nick  Steilavato 
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SERVICE  SHAFT 
SE  Heading 

- 

Detail  fracture  line  #1,  West  Rib  -  North  Stub 

DISTANCE  ALONG  LINE         STRIKE  DIP  AZIMUTH 


252° 
350° 
315° 
285° 
290° 
289° 
037° 
295° 
030° 
300° 
300° 
300° 
307° 


0' 

N72°E 

44°NW 

0' 

N10°W 

73°NE 

3' 

N35°W 

54°NE 

4' 

N75°W 

74°NE 

•  4.7' 

N70°W 

62°NE 

5.8' 

N71°W 

61°NE 

9' 

N37°E 

64°SE 

11' 

N65°W 

66°NE 

14' 

N30°E 

56°SE 

15' 

N60°W 

71°NE' 

16.5' 

N60°W 

71°NE'" 

16.9'  ' 

N60°W 

48°NE  " 

|  NW  Corner  20.7' 

r;53°w 

58°NL"  " 

25' 

• 

27' 

' 

27' 

• 

29' 

f 

30. 

v' 

32. 

/ 

7! 

38* 

Detail   Line   r'2,   North  Face  -  North  Stub,   continued  from  #1    Line 

N12°E  88° NW  192° 

N50°W  70°NE  310° 

•    N65°E  72°SE  295° 

N50°W  70°NE  310° 

N25°E  65°SE  025° 

N50°W  53°NE  310° 

38'  N59°W  60°NE  301° 
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•Service  Shaft,  SE  Heading  (Cont.'d) 
Detail   Line  #3,  East  Rib  -  North  Stub 

DISTANCE  ALONG  LINE  STRIKE  DIP  AZIMUTH 


232° 

302° 

302° 

316° 

305 

305° 

305° 

305° 

305° 

065° 

300° 

300° 

145° 

305° 

300° 

300° 


0' 

N52°E 

0.5' 

N5S°W 

0.8' 

N58°W 

3.5" 

N54°W 

6.5' 

N55°W 

7' 

N55°W 
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N55°W 
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N55°W 
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1   Fracture 
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N65°E 
N60°W 

20.5" 

N60°W 
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N35°W 

31.5' 

N55°W 

33'  ' 

N60°W 

36' 

N60°W 

52( 

>NW 

67' 

>NE 

67' 

>NE 

74( 

5NE 

53( 

5NE 

53( 

3NE 

53' 

5NE 

66c 

'NE 

66< 

>NE 

54( 

5SE 

72' 

>NE 

72! 

'NE 

82* 

90' 

> 

80' 

5NE 

80' 

5NE 
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Ditail    Line   Fracture   Data,   Service/Production   Shaft   Ignition   Level 
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SERVICE  SHAFT 


NW  Heading  -  Bearing  N75W 
SW  Rib  *H 


DISTANCE  ALONG 
LINE 


4' 

4' -8" 
7' 
8' 
12' 
18' 
18.5' 
19' 
2V 
26' 
30.5' 
30.5' 
35.6' 
*38' 
42' 
43' 
47' 
48' 
50' 
52.5' 
55' 
59' 
59.5' 
60' 
63' 
64' 


STRIKE 


DIP 


N40°W 

N65°E 

N10°W 

N55°E 

N30°W 

N45°W 

N40°E 

N40°E 

N40°E 

N23°E 

N45°W 

N35°W 

N55°W 

N18°E 

N65°W 

N65°W 

N35°W 

N35°W  . 

N25°W 

N22°W 

N50°W 

N50°W 

N50°W 

N50°W 

N60°W 

N40°W 

60" 

5NE 

34' 

5NW 

66' 

>NE 

42' 

>NW 

53' 

>NE 

65s 

>NE 

90' 

i 

90' 

> 

90' 

> 

25' 

'NW 

6V 

"WE 

90c 

> 

56' 

'NE 

57c 

'NW 

61°NE 

61' 

'NE 

60' 

>NE 

60' 

>NE 

37' 

'NE 

63' 

'NE 

90' 

> 

26' 

'NE 

26' 

'NE 

36' 

'NE 

78' 

'NE 

56' 

'NE 

AZIMUTH 

320° 
245° 
350° 
245° 
330° 
315° 
040° 
040° 
040° 
203° 
315° 
325° 
305° 
198° 
295° 
295° 


325° 


325° 
335° 
338° 
31 0° 
310° 
310° 
310° 
300° 
304° 
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SERVICE  SHAFT  IGNITION  LEVEL 


South  Reading-East  Rib 


Oricin  South  Corner  of  East  Stub   L'^e  *»  £ 


DISTANCE  ALONG 
LINE 


0/ 

6' 
IT 
12.7' 
13.3' 
14' 
15' 
18' 
19' 
27' 
27' 
29' 
34' 
37' 
43' 
45' 
49.5' 
53' 
57.8' 
64' 
66' 
67' 
69' 


STRIKE 


DIP 


AZIMUTH 


N60°W 

52°ME 

300° 

N40°W 

77°SW 

140° 

Large  Vug 

N80°E 

88°  NW 

260° 

N80°E 

88°NW 

260° 

N60°W 

83°NE 

300° 

N60°W 

83°NE 

300° 

N60°W 

83°NE 

300° 

N72°W 

64°NE 

288° 

N35°W 

87°SW 

145° 

N70°W 

60°NE 

290° 

N40°W 

87°SW 

140° 

N80°W 

62°NE 

280°  ' 

N60°W 

83°NE 

300° 

N75°W 

58°NE 

285° 

N60°W 

58°NE 

300° 

N60°W 

60°NE 

300° 

N60°W 

58°NE 

300° 

N40°W 

90° 

320° 

N62°W 

78°NE 

298° 

N62°W 

65°NE 

298° 

N62°W 

65°ME 

29S° 

N60°W 

60°NE 

300° 
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•'n.  Stellavato 
May  30,  1980 

SERVICE  SHAFT 

South  Connecting  Drift 

East  Rib  (Cont.'d) 

DISTANCE  ALONG 

LINE        *  STRIKE  DIP 


N70°W 

N75°W 

N40°W 

N70°W 

N75°W 

N60°W 

N50°W 

N54°W 

N82°W 

N70°E 

N60°E 

N50°E 

N80°W 

N50°W 

N50°E 

N50°E 

N48°E 

N35°E 

N84°W 

N35°E 

N55°W 

N78°W 

N78°W 

N70°W 

75'  N70°W  88°SW  110° 

80'  '  N75°W  54°NE  205° 

81  '  N40°W  90°  320° 

85'  N70°W  90°  290° 

£3'  N75°W  77°NE  285° 

97'  N60°W  72°NE  300° 

98'  N50°W  66°NE  310° 

98.5'  N54°W  58°NE  306° 

100'  N82°W  72°NE  278° 

103'  N70°E  62°NE  250° 

108'  N60°E  40°NW  240° 

114'  N50°E  72° NW  230° 


127.5'  N80°W  80°NE  280° 

13T  N50°W  70CNE  310° 

135.5'  Dike 

138'  Dike 

159'  N48°E  78°SE  048° 

165'  N35°E  90°  035° 

166'  N84°W  55°NE  276° 

169'  N35°E  90°  035° 

171.5'  N55°W  75°NE  305° 

173'  N78°W  60°NE  282° 

175'  N78°W  60°NE  282° 

177'  N70°W  85CNE  290° 


88< 

»SW 

54 c 

>NE 

90< 

s 

90< 

> 

77c 

'NE 

72c 

>NE 

66< 

>NE 

58s 

'NE 

72< 

'NE 

62°NE 

40c 

'NW 

72' 

'NW 

80 ( 

'NE 

7Q< 

!NE 

Vertical 

Vertical 

78°SE 

90c 

> 

55( 

'NE 

90s 

> 

75< 

'NE 

60< 

'NE 

60< 

>NE 

85< 

>NE 

AZIMUTH 
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PRODUCTION  SHAFT 


North  Rib  to  Ore  Pass 


Ore  Pass  Excavation   Liu<  */* 


DISTANCE  ALONG 
LINE 

4' 

6' 

7.0' 

8.0' 

9.0' 

10.0' 

12' 

16' 

16.8' 

17.8' 

24.0' 

24.6' 

26.0' 

27.8' 

30.0' 

32.0' 

33.0' 

33.0' 

34' 

34.5' 

35.5* 

36.5' 

37.5' 

38.0' 

39.0' 

40.0' 

41.0' 

42.0' 

43,0' 

44.0' 


STRIKE 

N45°E 
N46°E 
N62°E 
N62°E 
N62°E 
N62°E 
N55°E 
N55°E 
N54°E 
N50°E 
N65CE 
N70°W 
N38°W 
N43°W 
N74°W 
N75fW 
N65°W 
N75°W 
N75°W 
N75°W 
N75°W 
N75°W 
N75°W 
N75°W 
N75°W 
N75°W 
N75°W 
N75°W 
N75°W 
N75°W 


DIP 

54°NW 
86°NW 

82°SE 

90° 

90° 

74°NW 

85°NW 

70°NW 

67°NW 

54°SE 

54°SE 

77°SW 

55°NE 

77°SW 

76°SW 

57°SW 

40°NE 

57°SW 

57°SW 

57°SW 

57°SW 

57°SW 

57°SW. 

57°SW 

57CSW 

57°SW 

57°SW 

57°SW 

57DSW 

57°SW 


AZIMUTH 

225° 
226° 
062° 
052° 
062° 
242° 
235° 
235° 
234° 
050° 
050° 
110° 
322° 
132° 
106° 
107° 
295° 
105° 
105° 
105° 
105° 
105° 
105° 
105° 
105° 
105° 
105° 
105° 
105° 
105° 


West  Contact  of  Dike 
East  Contact  of  Dike 

Fracture  zone  at  corner  of  Ore  Pass 


Dike  Contact 
Dike  Contact 


Fracture  Zone 
Fracture  Zone 
Fracture  Zone 
Fracture  Zone 
Fracture  Zone 
Fracture  Zone 
Fracture  Zone 
Fracture  Zone 
Fracture  Zone 
Fracture  Zone 
Fracture  Zone 
Fracture  Zone 
Fracture  Zone 
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Production  Shaft' 
"     North  Rib  to  Ore  Pass 

Ore  Pass   Excavation   (Cont.'d) 

DISTANCE  ALONG 
•    --  LINE  STRIKE  DIP  AZIMUTH 


51' 

N70°E 

75°SE 

070° 

NW  CotweR 

59* 

N72°W 

55°NE 

288° 

61 ' 

N70°W 

62°NE 

290  = 

631 

N55°W 

52=NE 

304° 

65.5" 

N30°E 

90° 

030° 

68.0' 

N60°E 

75°SE 

060° 

75' 

N60°W 

59°NE 

300° 

NE  Comer  Major 

77* 

N60°W 

59°NE 

300° 

Major 

79' 

N60°W 

59°NE 

300° 

Major 

82' 

N45°W 

80°NE 

315° 

Major 

■  -82.5' 

. N60?W 

-55°NE 

300° 

Major 

•83.7' 

N40°W 

60°SW 

140° 

86.5' 

N50°W 

84°NE 

310° 

-95.0' 

Dike 

-- 

North  Contact  of  Dike 

-95.6' 

N40°E 

-90° 

040° 

Fracture  in  Dike 

-98.7' 

.  ,  Dike 

.  _ 

South  Contact  of  Dike 

III-363 


PRODUCTION  SHAFT 
North   Rib  -   East  Heading 
From  Ore  Pass  SE  Corner       Liwe  **  1 


DISTANCE  ALONG 

LINE 

STRIKE 
N40°W 

DIP 
90° 

AZIMUTH 
320° 

5' 

6' 

N5°W 

87°SW 

175° 

15' 

N5°W 

80CSW 

175° 

17' 

N64°E 

84°SE 

064° 

26' 

N50°W 

7"/°SW 

130° 

31' 

N65°E 

84°SE 

065° 

35' 

N60°W 

72°SW 

120° 

36' 

N60°W 

62°SW 

120° 

38' 

N45°W 

77°SW 

135° 

38.3' 

N2C°W 

84°NE 

340° 

39.5' 

N57°W 

74°SW 

123° 

43.0' 

N10°E 

57°NW 

19C° 

50' 

N55°W 

77°SW 

125° 

59' 

N65°W 

64°NE 

295° 

Fracture  Zone 

59.5' 

N65°W 

64°NE 

295° 

Fracture  Zone 

60.0' 

N55°W 

64°NE 

295° 

Fracture  Zone 

60.5' 

N65°W 

64°NE 

295° 

Fracture  Zone 

61.0' 

N65°W 

64°NE 

295° 

Fracture  Zone 

61.5' 

N65°W 

64°NE 

295° 

Fracture  Zone 

62.0' 

N65°W 

64°NE 

295° 

Fracture  Zone 

62.5' 

N65°W 

64°NE 

295° 

Fracture  Zone 

63' 

N65°W 

64°NE 

295° 

Fracture  Zone 

64' 

N65°W 

64°NE 

295° 

Fracture  Zone 

64.5' 

N65°W 

64°NE 

295° 

Fracture  Zone 

65.5' 

N65°W 

64°NE 

295° 

Fracture  Zone 

66.0' 

N65°W 

64CNE 

295° 

Fracture  Zone 

111-36* 


/ 


Detail    Fracture  Line 


PRODUCTION   SHAFT 


East  Heading  -   Bearing  East-West      LiMe  **■  S 


South   Rib 


DISTANCE  ALONG 
LINE 


.0-' 
0' 

4.0' 
4.5' 
6.0' 
7.0' 
11.0' 
14.0' 
15.0' 
18.0' 
17.5' 
20.0" 
21.5' 
22.0 
26.5* 
26.5' 
33.0' 
35.0' 
40.5' 
40.5' 
52.5' 
54.5' 
56.5 


STRIKE 


DIP 


N261 

"W 

N46' 

5W 

N65' 

5W 

N45' 

?w 

N45' 

3W 

N45" 

3W 

N35' 

5W 

N55' 

5w. 

N55' 

Dw 

N80: 

3£ 

N50' 

3W 

N6C 

>W 

N651 

'W 

N60' 

3W 

N35' 

3W 

N75' 

>W 

N401 

Dw 

N55' 

3W 

N44' 

3W 

N75' 

3W 

N70' 

3W 

N  - 

s 

N40' 

3W 

86' 

3SW 

72' 

5SW 

7V 

5SW 

85' 

5NE 

7V 

5NE 

7V 

>NE 

83' 

*NE 

68( 

5NE 

64' 

>NF 

76' 

»NW 

66' 

»NE 

90" 

74' 

»SW 

90' 

> 

90' 

i 

63' 

5SW 

80' 

>NE 

90' 

>NE 

90' 

> 

64' 

'NE 

54" 

'NE 

90' 

> 

86' 

>SW 

AZIMUTH 

154° 
134° 
115° 
315° 
315° 
315° 
325° 
305° 
295° 
260° 
310° 
300° 
115° 
300° 
325° 
105° 
320° 
305° 
316° 
285° 
290° 
360° 
140° 
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Detail    Fracture  Line 


DISTANCE  ALONG 

LINE 

56.8' 

59.0' 

63' 

64' 

66.5' 

67.5* 

67.8' 

68.3' 

70' 

71' 

75.5' 

77' 

81.5' 

84' 

91.5' 

96.0' 

98.5' 

102.5' 

105.5' 

109.5' 

113.5' 

121.5' 

125.5' 

131.5' 

PRODUCTION  SHAFT 

East  Heading  -  Eearing  East-'/Jest 
South  Rib  (Cont.  '_dj 

STRIKE  DIP  AZIMUTH 

032° 
045° 
030° 
045° 
315° 
330° 
310° 
310° 
325° 
328° 
232° 
305° 
210° 
350° 
095° 
310° 
310° 
320° 
295° 
295° 
222° 
100° 
110° 
280° 


N32°E 

N45°E 

N30°E 

N45°E 

N45°W 

N30°W 

N50°W 

N50°W 

N35°W 

N32°W 

N52°E 

N55°W 

N30°E 

N10°W 

N85°W 

N50°W 

N50°W 

N40°W 

N65°W 

N65°W 

N42°E 

N80°W 

!I70°W 

N80°W 

65c 

>SE 

72c 

>SE 

87c 

>SE 

8V 

>SE 

75c 

>NE 

90' 

> 

90< 

> 

9C< 

> 

79< 

'NE 

76c 

>NE 

84 ( 

'NW 

90< 

> 

66' 

'NW 

82' 

'NE 

62" 

'SW 

66' 

'NE 

64' 

'NE 

65' 

'NE 

63' 

'NE 

86' 

'NE 

80' 

'NW 

53' 

'SW 

58' 

5SW 

87' 

5NE 
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OBSER  VA  TION      WELLS 
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STREAM    FLOW 
(Prefix    0930  omitted   from   Station  No.) 


An  asterisk    (*)    following  frequency    symbols   in   columns    under   "  Piezometnc    Levels" 

indicates   that  the  composite  piezometnc   level   is   monitored 
Frequency  of  measurement  of  water  levels    in  alluvial  we. Is    indicated  under  "Upper  Aquifer 
-Regardless  of  ownership,   Applicant  has  the   right  to  monitor   these  wells 
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No. 

Desc  rip t  ion 

Data    Measured 

Measurements 
By 

D  is  charge 

Quality 
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6007 
60  1  5 
6022 
6025 
6028 
6033 
6036 
6039 
6042 
6050 
6052 
6058 
606  1 
6200 
6222 
6255 

White  River  below   Meeker 

Piceance   Creek  below  Rio  Blanco 

Middle   Fork    Stewart   Gulch 

Stewart  Gulch  above  West  Fork 

West  Fork   Stewart  G  u  Ich,  u  pstream 

West  Fork  Stewart  Gulch  at  mouth 

Sorghum  Gulch,  upstream 

Sorghum  Gulch  at  mouth 

Cottonwood   Gulch 

Tributary  of  Piceance  Cr    (No  Name  Gulch  ) 

Scandard    G u Ich ,  upstrea m 

Scandord   Gulch  at  mouth 

Willow   Creek 

Piceance  Creek  above  Hunter  Creek 

Piceance  Creek  below  Ryan  Gulch 

Piceance  Creek  at  White   River 

Yellow  Creek  near  White  River 
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P 
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SPRINGS     OR    SEEPS 
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GENERAL      NOTES 

1  See  Exhibit  A  for  location  of  monitoring  stations  listed  on  this  Exhibit 

2  Letter  symbols  under  columns  of  "Data  Measured     indicate  normal  frequency   of  measurements  as  fo  I  lows. 

c  -  continuous  recorder!  or  daily  to  ta  lor  me  an)  s  -  semiannually 

w-weekly  a-annually 

m-  monthly  p  -   periodic   or  variable  depending   on  water 

q- quarterly  quality   parameters  measured 

3  Letter   symbols  under  column  of     "Measurements   By  have    following   meanings  : 

A  -  Applicants    in    Case    No     W-3492 

F  -  Federal   (USGS) 

S-  State  of   Colorado   (  Div.  of   Water  Resources  I 

O-Others  (Indicated   where    known  ) 


PRECIPITATION 

Name    of    Station 

Meosur 

e  ments 

Fre  quency 

By 

020 

Cb    Air   quality    trailer    020 

c 

A 

023 

Cb   Air  quality    trailer    023 

A 

LH 

Little    Hills 

F 

M 

Meeker   2 

F 

SG 

Scandord    Gulch   on   Roan   Plateau 

F 

CG 

Corral    Gulch 

F 

JQS 

JQS    Gage 

F 

EFPC 

East  Fork  Parachute    Creek 

F 

EMFPC 

East   Middle  Fork    Parachute    Creek 

c 

F 

FIGURE   2.2-2 
EXHIBIT     B 

LIST    OF   STATIONS 

OF  HYDROLOGIC  MONITORING   PROGRAM 

FOR 

Cb    TRACT 

OECEMBER     1978 
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REPORT  DISTRIBUTION  LIST 
DEVELOPMENT  MONITORING  REPORT  #4 

July  15,  1980 


COPY 

VOLUME 

RECIPIENT 

1 

1,  2, 

3 

Area  Oil  Shale  Office  (AOSO) 

2 

2 

AOSO >  Environmental  Protection  Agency  (EPA) 

1 

Carole  Stover,  Occidental  Oil  Shale,  Inc. 

3 

Ed  Baker,  Occidental  Oil  Shale,  Inc.  (C.B.) 

3 

*  2 

AOSO >Air  Polution  Control  Agency  (APCA) 

1,  3 

George  Livingston,  Occidental  Oil  Shale,  Inc. 

4 

1,  2, 

3 

Blaine  Dinger,  Tenneco  Shale  Oil  Company 

5 

1,  2, 

3 

Robert  Thomason,  Occidental  Oil  Shale,  Inc. 

6 

1,  2, 

3 

George  Fosdick,  Occidental  Oil  Shale,  Inc. 

7 

1.  2, 

3 

Spencer  Bullard,  Occidental  Oil  Shale,  Inc. 

8 

1,  2, 

3 

Scott  Chamberlain,  Occidental  Oil  Shale,  Inc. 

9 

1,  2, 

3 

Rosielea  Gash,  Rio  Blanco  Oil  Shale  Project 

Original 

1,  2, 

4 

3, 

Linda  Rogers,  Occidental  Oil  Shale,  Inc.  (Library) 

Volume  1  =  Water 
Volume  2  =  Air 
Volume  3  =  Biology 
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REPORT  DISTRIBUTION  LIST 

TIME  SERIES  PLOTS 

SUPPLEMENT  TO  DEVELOPMENT  MONITORING  REPORT  #4 

November  1979  -  May  1980 


COPY 
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1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
Original 


RECIPIENT 


Area  Oil  Shale  Office  (AOSO) 

AOSO y  Environmental  Protection  Agency  (EPA) 

AOSO >  Air  Pollution  Control  Agency  (APCA) 

Ed  Baker,  Occidental  Oil  Shale,  Inc.  (C.B.) 
Blaine  Dinger,  Tenneco  Shale  Oil  Company 
Robert  Thomason,  Occidental  Oil  Shale,  Inc. 
George  Fosdick,  Occidental  Oil  Shale,  Inc. 
Spencer  Bui  lard,  Occidental  Oil  Shale,  Inc. 
Scott  Chamberlain,  Occidental  Oil  Shale,  Inc. 
Rosielea  Gash,  Rio  Blanco  Oil  Shale  Project 
Linda  Rogers,  Occidental  Oil  Shale,  Inc.  (Library) 
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